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INTRODUCTION 
It has been established that an antagonism exists between 
hormones of the thyroid gland and vitamin A. In an animal 
having a sufficient quantity of vitamin A activity, thyroxine 
will increase both the conversion of carotene to vitamin A and 
the liver storage of preformed vitamin A. Vitamin A deficient 
animals, however, exhibit reduced liver storage and increased 
excretion of vitamin A. The increased rate of vitamin A excre­
tion brings about an increased metabolic requirement for this 
vitamin. Thyroxine acts to antagonize vitamin A by increasing 
the basal metabolic rate of the animal, thus increasing the 
rate of vitamin A metabolism. 
Unfortunately, the concept of a metabolic increase of 
vitamin A does not explain why vitamin A can oppose the action 
of thyroxine. It has been observed that both hyper- and hypo-
vitaminosis A rats exhibit a lower basal metabolism than 
normal rats. An increase in thyroid weight corresponds to the 
lower basal metabolism in both cases. There is, however, some 
disagreement as to the consistency of vitamin A in its opposi­
tion to thyroxine. 
If the metabolic rate was lowered, a portion of the energy 
that is utilized in basal metabolism would, theoretically, be 
available for the finishing process. This would be desirable 
in feedlot animals that are being finished for slaughter. 
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The interrelationship "between vitamin A, goitrogens and the 
thyroid gland is not fully understood. At times, both inhibit 
basal metabolic rate. The mechanism of action of vitamin A in 
lowering basal metabolism is not known. Goitrogens inhibit 
thyroxine synthesis and reduce basal metabolic rate by reducing 
the amount of thyroxine in the system. In cattle, however, it 
has been observed that large amounts of vitamin A in the ration 
interfere with the action of a goitrogen (methlmazole). This 
research was concerned with the effects of vitamin A and 
methlmazole on the blood levels of thyroxine in cattle. It 
was hoped that by obtaining this information, an insight into 
the interrelationships of vitamin A, methlmazole and the 
thyroid gland could be obtained. 
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REVIEW OF LITERATURE 
There are several goitrogens that have been used in animal 
feeds. Most of these are thought to act through the thyroid 
gland to reduce metabolic rate In the animal. Tata (1964) has 
extensively reviewed the thyroid-basal metabolic rate relation­
ship. The most effective of the goitrogens in ruminant animals 
is methimazole (l-methyl-2-mercaptoimidazole). Because of its 
potency, methimazole allows the researcher an opportunity to 
study goitrogenic activity in animals without encountering 
rejection of the diet by the animal due to its unpalatability. 
Barker (I96O) showed methimazole had twice the antithyroid 
activity in the rat as did thiouracil and ten times the thio-
uracil effect in man. 
Figure i Illustrates the chemical structure of some of the 
goitrogenic compounds more commonly used in animal research. 
These compounds all contain the thlonamlde group (S=C ). 
In 1936, Barker first defined a goitrous condition in 
humans caused by thlocyanate. He noted the myxedema could be 
alleviated by the addition of desiccated thyroid. MacKenzle 
and MacKenzle (19^1) found that certain "sulfa" drugs had 
goitrogenic effects In rats. These Johns Hopkins University 
researchers observed thyroid enlargements in rats fed sulfa-
guanidine. In pursuing this work, MacKenzle and MacKenzle 
(1942) found thyroidal enlargement did not occur with all 
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and a series of sulfonamides, to rats. The thyroidal enlarge­
ment, or hypertrophy, was accompanied by a corresponding drop 
in basal metabolism. Thyroxine administration prevented hyper­
trophy; however, the iodine in the diet had no effect. Astwood 
(19^3) found that increased iodine blood levels could nullify 
the effects of anions (e.g. SCN^) which produce hypothyroidism 
by interfering with the accumulation of iodide by the thyroid 
gland. Richter and Clisby (194i) reported thyroid enlargement 
was noted in rats fed phenylthiourea. 
Early workers believed goitrogenic substances promoted 
thyroid enlargement by acting directly upon the anterior pitui­
tary, bringing about an increased flow of thyrotrophin 
(thyroid-stimulating hormone or TSH). Griesback (1941) and 
Griesback, Kennedy and Purves (l94l) studied this effect and 
came to the conclusion that TSH, once released from the pitui­
tary in response to goitrogens, promoted hyperplasia of the 
thyroid cells. 
In 1955. Astwood's classical investigations showed that 
goitrogenic compounds prevented the conversion of iodide to 
elemental iodine, the elemental iodine being the form needed 
for incorporation into diiodotyrosine, a precursor of 
thyroxine. The reduced thyroxine synthesis caused by the 
goitrogen brings about thyroid enlargement via a negative feed­
back system operating on the pituitary to increase TSH secre­
tion. The TSH causes thyroidal hypertrophy (Greer, Kendall 
and Smith, 1964). 
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The feedback mechanism for thyroid hormone is not imme­
diately responsive. Suematsu et . (I969) observed a sluggish 
reaction covering a period of several days was obtained when 
circulating thyroxine in the dog was reduced by 30 percent. In 
a critical review of the negative feedback control of the 
thyroid, Launay (1965) pointed out that a marked fall in uri­
nary excretion of iodide and a rise in fecal iodine can be 
seen after administration of thiouracil (not to be confused 
with methimazole, which has no extrathyroidal effect). He also 
noted a rise in plasma TSH even though FBI was not reduced. 
Launay feels that these data conflict with the negative feed­
back control of thyroid function and has several hypotheses to 
explain it. One possibility, he states, is that the primary 
peripheral action of propylthiouracil would be to increase the 
binding of circulating thyroid hormone to its carrying protein 
with a consequent reduction in the level of free thyroxine 
which could be a stimulation for release of TSH from the 
pituitary. In apparent agreement with this hypothesis is the 
work of Inada and Sterling (1967), who reported normal levels 
of thyroxine-binding prealbumin (TBPA), but elevated levels of 
thyroxine-binding alpha globulin (TBG) and diminished levels 
of free thyroxine in plasma from hypothyroid patients. It was 
noted, however, that of the I6 hypothyroid patients examined, 
five of them had normal levels of TBG and free thyroxine. Thii 
suggests a great diversity of effect from one individual to 
another. 
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Many workers in the 1950*s believed iodine was attached 
to tyrosine prior to the joining of the two tyrosine molecules 
to form thyroxine. Recently, Alexander (1965) observed that 
iodlnation takes place in the tyrosine residues of thyro-
globulin rather than in the free amino acid. This view was 
further established by Taurog and Thio (I965). who found that 
purified sRNA from the thyroid would not accept mono- or 
dliodotyrosine. The mechanism involved in the formation of 
the thyroxine molecule remains unelucidated. Recently, how­
ever, Blasi, Fragomele and Cavelli (I96B) have proposed an 
Intermediate step involving a free radical of 4—hydroxy-3, 
5-diiodophenylpyruvic acid. They found this free radical takes 
up two atoms of oxygen to form a "peroxide-like" derivative. 
The peroxide derivative couples with dliodotyrosine to form 
thyroxine. No connection has been established between this 
system and the peroxidase that is responsible for converting 
iodide to iodine in the thyroid. Iodide has been found to be 
oxidized to iodine by a peroxide and peroxidase in the thyroid, 
prior to incorporation into tyrosyl residues (Sherlf and 
Kirkwood, 1958; Alexander, 1959: Klebanoff, Yip and Kessler, 
1962; Hosoyo, Kondo and Ui, 1962; DeGroot and Davis, 1962; 
Maloof and Soodak, 1964). 
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Mechanism of Goitrogenic Activity 
The mechanism by which goitrogens block thyroid activity 
may be different with each set of chemical compounds. Even 
within a given chemical group, the site of activity may vary. 
Many researchers have reported on the extrathyroidal activity 
of thiouracil and propylthiouracil. Not all thionamides share 
this relationship; methlmazole did not affect extrathyroidal 
activity of thyroxine in work conducted by Braverman and Ingbar 
(1962); Tanabe e^ a^. (I965) and VanMlddlesworth, Jones and 
Chapman (196O). Similarly, Grosvenor (1962) found methlmazole 
activity upon the TSH-thyroid relationship did not extend to 
extrathyroidal activity. Ballantine and Oliner (1968) found 
that thyroxine binding to serum proteins, the serum free 
thyroxine levels, and the total quantitative degradation of 
thyroxine were not affected by methlmazole. Those reactions 
that appear to be sensitive to goitrogenic compounds are: 
1) coupling of two iodlnated tyrosine molecules to form 
thyroxine or triiodothyronine; 2) lodlnatlon of monolodo-
tyroslne; 3) lodlnatlon of tyrosine (Greer _ejt al. , 1964). 
lino, Yamada and Greer (1961) found that quantities of propyl­
thiouracil much greater than that required to prevent thyroxine 
synthesis would still not completely prevent monoiodotyroslne 
formation. 
It was observed by Fisher, Schulz and Oliner (1965) that 
an enzyme extracted from beef thyroid microsomes catalyzed the 
synthesis of dliodotyroslne from monoiodotyroslne and of 
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thyroxine from diiodotyrosine. In another vitro system, 
Ljunggren (1965) used horse radish peroxidase as the peroxide-
generating system to form thyroxine from diiodotyrosine. No 
in vivo system of oxidation has been worked out. Werner and 
Nauman (I968) suggested that the peroxidase system involved in 
the oxidation of iodide to iodine is also involved in the 
coupling of tyrosyl residues to form thyroxine. Contrary to 
this belief, Taurog and Thic (1965) found puromycin had no 
effect upon the oxidation of iodide, although it inhibited the 
14 incorporation of tyrosine- C or leucine- C into thyroidal 
protein. An excellent review of iodide accumulation and 
recirculation was presented by Halmi (1964). 
Astwood (1955) postulated the following methods of goltro-
gen blockage of the peroxidase reaction: 
HgOg + I 
1) The antithyroid compound is oxidized instead of the 
iodide. 
2) The iodine is reduced to iodide by the compound as 
fast as it is formed. 
3) There is direct inhibition of the enzyme. 
4) There is partial oxidation of iodide and of the 
antithyroid compound. 
Randall (19^6) observed that thiourea and thiouracil could be 
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illustrated above. This reaction of goitrogens was also 
observed by Astwood (1955)- Two common sulfur compounds, sul­
fite and bisulfite, were observed to completely inhibit the 
lodlnatlon of tyrosine and thyroglobulln by myeloperoxidase in 
the presence of added peroxide (Yip and Hadley, I966). Calvo 
and Goemlne (1946) earlier had pointed out several sulfur com­
pounds that inhibited lodlnatlon of casein; they noted the 
sulfur had to be In the terminal position. Several workers 
(Taurog, Chaikoff and Feller, 19^7; Vanderlaan and Blssell, 
19^6; Vanderlaan and Vanderlaan, 19^7) have shown that, while 
antithyroid drugs block organic binding of iodine, the capacity 
of the thyroid to transport iodide remains unaffected. 
Importance of the Thyroid Gland in Growth 
and Development of Cattle 
The Importance of thyroxine In growth has been known for 
almost 100 years. In I871, Fagge (as reported by Falconer and 
Draper, I968) associated cretinism with the thyroid gland In 
humans; and in I886, Horsley reported similar findings In 
monkeys. Scow (1959) observed that thyroxine had a direct 
effect upon growth of muscle and length and maturation of bone 
in rats that had been hypophysectomlzed and thyroidectomized, 
Goodall and Gavin (1966) noted that growth hormone and thyrox­
ine were required to promote growth of hypophysectomlzed rats. 
Similar findings were made by DeGrcot (1963). 
Studies with humans (Fonchon, Beckers and DeVlsscher, 
1966; Fisher, Odd le and Walt, 196U; McGavack and Hoch, 1965) 
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have demonstrated an initial Increase of thyroxine secretion 
in the newborn child, then a gradual decrease in thyroxine 
secretion in the adult. Similar relationships of an initial 
increase in thyroid secretion in the very young and then a 
gradual decline with advancing age have been shown in the rat 
(Johnson, Kibler and Silsby, 1964). Declining thyroid secre­
tion with advancing age in sheep after an initial increase for 
the first few months of life has been demonstrated by 
Robertson and Falconer (1961) and Henneman, Reineke and Griffin 
(1955) . 
Falconer and Draper (1968) observed a slight negative 
correlation between thyroid weight and growth rate in lambs. 
Other studies by Falconer (1965. 1966a,b) have pointed out a 
very marked drop in wool growth of sheep that had been thyrold-
ectomlzed. Reduced growth rate has been observed in sheep 
having biochemical defects in the synthesis of thyroxine (Rac 
et al. 1968). Spielman, Petersen and Fitch (1944) and 
Spielman ^  (19^5) observed cessation of growth in dairy 
calves that had been thyroidectomlzed. 
Andrews and Bullard (1940) studied the relationship 
between basal metabolism and the thyroid gland in animals. 
They used partial thyroidectomy In an attempt to decrease the 
metabolic rate of steers. The identification of goitrogen 
compounds eliminated the need for surgery and brought about a 
great deal of research involving thyroid activity. All domes­
ticated animals have been used in an attempt to study the role 
12 
of goitrogens in livestock production. Kempster and Turner 
(19^5) noted reduced rate of growth (daily gain) and feed 
efficiency but an increase in market grade in chicks fed a 
ration containing 0.2 percent thiouracil for 36 days. These 
results appear to be fairly characteristic of poultry that are 
fed thiouracil (Glazner and Jull, 1946; Robblee, Morrison and 
Clandinin, 1951; Stadelman, 1951)- Several workers have noted 
increased feed efficiency in pigs fed thiouracil (McMillan, 
Relneke and Bratzler, 19^6; Terrill et aJ.. , 19^9; VanderNoot, 
Reece and Skelley, 1950); but, generally, research has not 
shown goitrogens to be effective in improving the growth rate 
of swine. Acevedo et (19^8), Beeson et a2. (1947b, 19^9) 
and Willman, Asdell and Loosli (19^9) reported a reduction in 
feedlot performance of pigs fed thiouracil. The latter two 
groups of researchers also noted cases of myxedema in pigs fed 
0.1 percent thiouracil in the ration. 
It is known that thyroid activity above or below an 
optimum level reduces growth (Draper. Falconer and Lamming, 
1966). These workers observed the growth rate of thyroldecto-
mlzed lambs Injected with and found a highly significant 
(Pc.001) curvilinear correlation between growth rate and 
thyroid activity. In animals that are hyperthyroid, the use 
of goitrogens could conceivably lower thyroid secretion to a 
more optimum level. Ruminant animals are considered hyper­
thyroid vhen compared to other niammals; therefore, considerable 
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work has been conducted to find which goitrogen, if any, was 
effective in promoting growth of sheep and cattle. 
Andrews et al. (19^7) reported decreased gains in lambs 
fed thiouracil or thiourea. They noted these compounds were 
unpalatable. Further experiments by this group (Barrick £t al. 
19^9) showed no effect on feedlot performance of lambs fed 
thiouracil or propylthiouracil. Blair, Erwin and Roublcek 
(1957) reported on studies with lambs where they fed methl-
mazole (3.75 mg per day) and implanted two levels of stllbes-
trol (3 and 6 mg). They found methinazole significantly 
(P<.05) increased rate of gain of lambs on the low-level s tu­
bes trol implant. Methlmazole did not affect rate of gain when 
fed to nonimplanted or the high-level implanted lambs. Similar 
results were presented in a report by Blair et a^. (1958a). 
Cllne, Hatfield and Garrlgus (1963) observed a significant 
(P<.05) increase in gains of lambs fed methlmazole over a con­
trol group of lambs not receiving methlmazole. 
Beeson, Andrews and Brown (I9^7a) found thiouracil, fed 
at 2, 4 and 6 g per day, had no effect upon feedlot performance 
of 363 kg steers. The two higher levels of thiouracil did 
Increase thyroid weight. Similar results were obtained by 
Schultze, Hathaway and Loeffel (195O) with dairy bull calves. 
Feeding 7 g of thiouracil per day in one ration, 1.5 g of 
thiourea per day in a second ration, and a combination of 7 g 
of thiourea and 0.2 mg of thyroxine per day in a third ration. 
Burroughs et al. (1957) found no improvement in feedlot 
performance of steers. Comfort, Preston and Pfander (1958) 
reported a reduction in feedlot performance by steers fed 80 
and 125 mg of methimazole per day. A slight improvement in 
carcass marbling score was noted. 
Results obtained from feeding methimazole are varied. Two 
different reports from Oklahoma (Pope et al. 1957a,b) showed 
no Improvement in cattle performance when methimazole was fed 
at the rate of 150 mg per steer per day, and a decrease in 
rate and economy of gain was noted when methimazole was fed at 
a level of 100 mg per head per day. Blair, Erwin and Roubicek 
(1958a) observed no improvement in cattle performance when 
methimazole was fed at the rate of 1^8 and 248 mg per head per 
day. They did note a slight improvement in carcass grade. 
Kline, Ensmlnger and Cunha (1949) observed Increased growth of 
young heifers, over a short period of time, when they were fed 
thiouracil at a rate of 0.2 percent of the grain in the ration. 
Improved feed efficiency was noted throughout the entire 201-
day feeding period. 
Experiments at Iowa State University have shown some 
favorable results of methimazole feeding to cattle. Burroughs 
Cooley and Hammond (196la) and Burroughs e_t (196O) fed 
600 mg of methimazole per head per day for 35 to 56 days. The 
reported increased gains and improved feed efficiency averaged 
15 percent in eight trials Involving 2?0 head of cattle; dress 
ing percent and depth of loin fat cover were not affected, but 
methimazole cattle graded slightly higher. Raun, Cheng and 
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fiurroughc (196O) reported thlouracll did not affect thyroid 
activity, while methimazole, fed at rates of 200 to 1200 mg per 
day, altered thyroid activity in accordance with the amount 
fed. Increased pituitary weight, growth hormone and TSH 
resulted from feeding methimazole. 
Raun and Burroughs (1959. 1962) studied the metabolism of 
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methimazole in rats. They found 81.9 percent of C-methi-
mazole was excreted in the urine while only 18.I percent 
appeared in the feces. Almost all of the metabolite appeared 
In the urine within 24 hours, and there was no appreciable 
activity in urine or feces after 96 hours. The rats were sac­
rificed after 96 hours and it was observed that the metabolite 
was present in quantities less than one ppm. In another 
experiment (Raun et aJ. 1962), tissues from cattle that had 
been fed 400, 6OO or 8OO mg methimazole per day for 79 days 
were assayed, with no detectable levels of methimazole observed 
in the skeletal muscle, liver, kidney or tripe. 
Blair et al. (1958a), in studies with methimazole-fed 
lambs, observed highly variable results. It was suggested that 
this variability may have been due to changing environmental 
temperatures. Acclimation to environmental temperature 
involves thyroid function. Comfort, Bauman and Turner (1961), 
Lundgren and Johnson (1964), Yousef and Johnson (1966a) and 
Yousef, Kibler and Johnson (196?) related higher temperatures 
with suppressed thyroid secretion rate. Yousef _et aJ.. (1966) 
suggest higher temperatures may alter the tissue requirement 
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for thyroxine. They point out the possibility that this could 
be brought about by modification of a substrate which reduces 
thyroid function via the feedback mechanism. 
Vitamin A and Thyroid Relationship in Animals 
Relationships between vitamin A and the thyroid gland have 
been studied for many years. Drill (19^3) presented an excel­
lent early review of the interrelationships between thyroid 
function and vitamin A metabolism. He noted an antagonistic 
relationship existed between vitamin A and the thyroid gland in 
amphibia. Sadhu and Brody (19^7) observed decreased basal 
metabolism and smaller thyroids in rats receiving 30,000 lU of 
vitamin A per day than in rats not receiving supplemental 
vitamin A. They suggested the excess vitamin A took up the 
thyroxine iodine on its double bonds, thus removing the 
metabolism-stimulating effects of thyroxine. They further 
suggested that the lodlnated vitamin A depressed pituitary TSK 
secretion, thereby reducing thyroid size. Dally supplementa­
tion with 50 lU or more of vitamin A palmltate resulted in 
decreased FBI values in rats (Smith, Niedermeier and Schultz 
1948). The highest supplemented level of vitamin A (15O ID 
per day) caused a drop in both FBI values and thyroid weight. 
A quadratic effect of vitamin A upon thyroid weight was 
observed. Barker et §2. (l95l) found that a $00-tlmes normal 
dose of vitamin A produced 50 percent inhibition of thyroid 
activity in rats. Carotene was found to be less active than 
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vitamin A, which suggested conversion to the biologically 
active form was necessary. Thyroid activity was not inhibited 
in the rats when a 100-times normal dose was administered. 
Hyperthyroid and hypothyroid rats were used in studies by 
Johnson and Bauman (19^7) to examine the effect of the thyroid 
on the conversion of carotene to vitamin A. When carotene was 
fed, hyperthyroid rats had more, and hypothyroid rats had less 
liver vitamin A storage than normal rats. It was suggested 
that hypothyroid animals lacked the ability to convert carotene 
to vitamin A. When thyroxine was fed to the hypothyroid group. 
Increased storage of vitamin A resulted. Anderson, Hubbert 
and Roublcek (196^) found that hepatic vitamin A storage was 
in greater concentration in thyroxlne-treated rats than in 
thiouracll-treated rats. Conversely, Wiese, Mehl and Devel 
(19^8) found that rats fed thiouracll utilized vitamin A and 
carotene equally well. Smith e_t al_. (19^8) found thiouracll-
fed goats, which were thyroidectomized and vitamin A depleted, 
were capable of converting carotene to vitamin A. Roels (196?) 
noted that carotene was converted to vitamin A in the intes­
tinal mucosa, thus giving rise to the speculation that 
thyroxine may be Involved in the absorption of vitamin A. 
Cama and Goodwin (19^9/ fed desiccated thyroid to rats and 
observed an Increased absorption of^-carotene from the intes­
tinal tract. Thiouracll was found to inhibit S-carotene 
absorption. Banj1 and Sundareson (19ÔI) found that rats fed 
lodinated casein absorbed vitamin A faster than controls, but 
stored less. They suggested this was possibly due to increased 
utilization of vitamin A. Hypothyroid rats (fed thiourea) had 
higher liver reserves of vitamin A than the control group. 
They suggested that this was possibly due to slower mobiliza­
tion of liver reserves of vitamin A in the rats with lower 
basal metabolism. Injections of desiccated thyroid brought 
about decreased vitamin A levels in liver, kidney and lung 
tissues of rats and goats in work reported by Ushimi and 
Yoshida (1964). It was noted that vitamin A acetate destruc­
tion was accelerated in these tissues while vitamin A palmitate 
was not destroyed, and vitamin A alcohol increased upon the 
injection of desiccated thyroid. Serum levels of vitamin A 
alcohol and total vitamin A increased in the injected goats. 
Plasma vitamin A and carotenoids in young dairy animals 
did not change when the animals were fed thiouracil (Allen, 
Wise and Jacobson, 1951)- In animals on a marginal carotene 
ration, iodinated casein depressed plasma vitamin A and caro­
tene; but when carotene was fed in amounts exceeding the 
requirements, plasma levels were not affected. Poor carotene 
utilization in feeder steers wintered on corn silage was not 
averted by triiodothyronine or methimazole in work conducted 
by Smith et aJ. . 
Hypervitaminosis A was accompanied by a decrease in PBI 
in the liver and thyroid and by an increase in PBI in the 
serum, pituitary and skeletal muscle according to Sadhu and 
Truscott (1948). They suggested these results might be due to 
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decreased liver destruction of thyroxine with a consequent 
hyperthyroxinemia, the latter depressing TSH secretion, pro­
ducing the observed decrease in both thyroid weight and PBI 
level in the thyroid. 
Thyroid secretion rate was observed to have a quadratic 
response to vitamin A in pigs as reported by Frape ^  al. 
(1959)* Maximum secretion rate occurred in pigs fed 220 lU of 
vitamin A per kg of feed. The lowest level of thyroid secre­
tion rate occurred in pigs fed l4,080 lU of vitamin A per kg 
and in the pigs on the basal ration. Most efficient feed 
conversion was noted in those pigs fed 220 lU of vitamin A per 
kg of feed. 
The high levels of vitamin A fed to monogastric animals 
have, in many cases, approached the toxic level (e.g., Sadhu 
and Brody, 19^7. fed 30,000 lU of vitamin A to rats averaging 
190 g of body weight). It Is possible that these high levels 
affect the monogastric differently than they would in the 
ruminant. Levels of up to 3 million lU of vitamin A per day 
have been fed to cattle In Arizona (Hubbert et . 1962; 
Lane, 1962; Lane, 1964). Totusek, Stephens and waiters (1963) 
injected 2 million lU of vitamin A into the rumen of steers 
and observed no decrease in feedlot performance. Vitamin A 
is quickly transported to the liver and stored in cattle, as 
was observed by Prey, Jensen and Conneli (19^7). These authors 
found liver storage of vitamin A to be highly correlated with 
dietary levels of vitamin A. The plasma levels of vitamin A, 
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however. Increased to about 50 to 60 ug per 100 ml and then 
leveled out at this peak, no matter how much more vitamin A 
was fed. No relationship between plasma vitamin A and dietary 
levels of vitamin A could be established. In monogastries, 
serum vitamin A concentrations can be quite high, as evidenced 
by serum vitamin A levels of over 880 ug per 100 ml of serum 
obtained in dogs by Arnrich (1955)• 
Speculation that methimazole (meth) was affected adversely 
by high vitamin A levels led Burroughs et al. (I96la) to com­
pile results of feedlot trials wherein cattle received methi­
mazole. They concluded that methimazole adversely affected 
cattle fed rations containing over 3300 lU of vitamin A per kg 
of ration. Burroughs et al, (I96lb) observed a 15 percent 
increase in both live weight gains and efficiency of feed con­
version when methimazole was fed to steers on low-level vitamin 
A rations, whereas negative results were obtained when cattle 
were fed rations containing more than 3300 lU of vitamin A per 
kg of feed along with methimazole. These same authors fed 
thyroprotein (2.2 to 8.8 mg protamone per kg of ration) and 
observed that this increased the effectiveness cf methimazole 
in low-level vitamin A fed cattle and aggravated the effective­
ness of methimazole in those cattle receiving high vitamin A 
levels. No interaction between vitamin A and methimazole was 
observed by Cllne et (1963) in lambs fed 98,000 lU of 
vitamin A per week along with 1.05 g of methimazole. Excellent 
review articles covering the relationship of the thyroid-
21a 
vitamin A interaction have been written by Moore (1957) and. 
Roels (1967). 
Methods of Thyroxine Analysis 
Yousef and Johnson (1966b) suggest that measurements on 
blood underestimate and 1^ vivo methods overestimate the 
secretion of thyroxine. Methods used to measure the thyroid 
secretion rate most often utilize the rate of uptake or 
release of radioactive iodine by the thyroid. Two of the most 
popular means of calculating the thyroid secretion rate were 
presented by Post and Mlxner (I96I) and Robertson and Falconer 
(1961). These two procedures are probably the most effective 
means of measuring thyroid activity and are more widely 
utilized than other procedures. Another method frequently 
used is the measurement of the minimum amount of thyroxine that 
131 
will completely block the release of previously injected ^ I 
from the thyroid gland (Flamboe and Heir.eke, ±959: Henneman 
et al., 1955; Lodge, Lewis and Heineke, 1957; Pipes, 
Premachandra and Turner, 1957) • 
A method utilizing P3I values was presented by Mixner and 
Lennon (1956, 1959)• This procedure eliminates the need for 
radioactive isotopes by providing for the determination of 
thyroid secretion rate from the turnover of exogenous thyrox­
ine. The chemical analysis of thyroid activity provides a 
method more adaptable to the conditions under which the 
research reported in this thesis was conducted. Yousef and 
21b 
Johnson (1966b) found protein-bound iodine determinations to 
be valid estimations of the blood thyroid activity. Post and 
Mixner (196I) have compared the chemical turnover of thyroxine 
131 
and the radioactive turnover of I and concluded that both 
methods gave similar estimates of TSR. 
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EXPERIMENTAL PROCEDURE 
The research reported in this dissertation is on file with 
the Ruminant Nutrition Section at Iowa State University, Ames, 
Iowa listed under Cattle Experiments 775. 125. 800 and 819-
Statistical data were analyzed according to the methods of 
Snedeccr (1956). 
All cattle experiments were conducted at the Beef Nutri­
tion Farm and in laboratories used by the Ruminant Nutrition 
group in Kildee Kail at Iowa State University. The cattle were 
housed in open sheds at the Nutrition Farm three miles north­
west of the campus. The lots varied in size depending upon the 
experiment. Individual stalls were constructed at the feed 
bunks of the lots In the first three experiments to provide 
more accurate control of feed consumption and to obtain records 
of feed consumption for each animal. Corn cobs laid over con­
crete paddocks served as bedding. Fresh water was provided by 
automatic waterers. Nonlodlzed salt blocks were available in 
each lot at all times. All cattle used In these experiments 
were white face and black white face steers unless otherwise 
specified. 
Blood taken from the jugular vein of the steers used In 
these experiments was centrlfuged at 7,000 g In a Model 3-20 
International refrigerated centrifuge for 15 minutes. Plasma 
(heparin served as the anticoagulant) was frozen Immediately 
after centrlfugation. Plasma protein-bound Iodine (PEI) was 
used throughout these experiments as an indication of plasma 
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thyroxine and was measured using a Technicon Auto Analyzer 
according to the method of Riley and Gochman (1964). 
Total volume of distribution (TVD), thyroxine turnover 
rate (TFTR) and daily thyroid secretion rate (TSR) were calcu­
lated according to the procedure of Mixner and Lennon (1959)• 
Initial FBI values were determined by averaging two blood 
samples collected on two different days. A 25 mg injection of 
L-thyroxine (sodium) pentahydrate was administered on the third 
day. Each succeeding day, for four days, blood samples were 
taken and analyzed for PBI. The thyroxine disappearance rate 
was then fitted to a regression curve. The TVD, TFTR and TSR 
were calculated from the regression curve. 
Plasma vitamin A was determined with a modification of the 
procedure of Neeld and Pearson (19^3). Because of the diffi­
culty of pipetting the volatile petroleum ether used in this 
procedure, and because of the low readings obtained on the 
colorimeter when using the level of serum suggested by the 
authors, the quantity of plasma and chemicals used was 
increased by 50 percent. This provided greater ease of 
pipetting and yielded higher optical density readings. Vita­
min A was measured in a group of plasma samples representing 
each of the rations fed in the different experiments. A 
Beckman, Model B, spectrophotometer was used in all colori-
metric analyses. 
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Cattle Experiments 
The first cattle experiment involved feeding two levels 
of methimazole (Tapazole, furnished by Eli Lilly and Company) 
and two levels of vitamin A in a 2 X 2 factorial arrangement of 
treatments. The purpose of t!:is experiment was to measure 
thyroid activity (determined by FBI) of the steers over a 
period of time. The length of the experiment was based upon 
the response of the cattle to methimazole. Eight steers were 
individually fed supplemental levels of vitamin A at the rate 
of 10,000 or 60,000 lU per steer per day and methimazole at 
0 or 600 mg per steer per day. The eight steers averaged 
296 kg at the beginning of the experiment. They were randomly-
allotted to rations according to methods of Cochran and Cox 
(1957) • This experiment was conducted from January to April, 
1967. The supplements used in the first experiment are pre­
sented in table 1. Each steer received daily a full feed of 
ground shelled corn, I.36 kg of ground corn cobs and g of 
supplement. The approximate composition of the supplements 
was as follows: 21^ protein; 1.6% calcium; 0.8% phosphorus; 
2,200 lU of vitamin A per kg in the basal ration and 112,200 lU 
per kg in the high vitamin A ration; none or 1,320 mg methi­
mazole per kg in the basal and methimazole rations, respec­
tively. 
Each steer was individually fed ad libitum, but at the 
same time, each steer was required to consume the feed entirely 
each day. The steers were locked in the feeding stalls for 
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TABLE 1. COMPOSITION OF THE FOUR SUPPLEMENTS USED IN CATTLE 
EXPERIMENT I INVOLVING METHIMAZOLE AND VITAMIN A 
Ration 
Feed Control Vit A Meth 
Meth + 
vit A 
% % % 
Ground shelled corn 32.0 32.0 32.0 32.0 
Soybean meal 50.0 50.0 50.0 50.0 
Urea 7.0 7.0 7.0 7.0 
Dicalcium phosphate 5.0 5.0 5.0 5.0 
Limestone 5.0 5.0 5.0 5.0 
Trace mineral premix^ 0.5 0.5 0.5 0.5 
Vitamin A premix^ 100 g 100 g 100 g 100 g 
Vitamin A premix^ ?.7 g — — — 7-7 , 
Methimazole^ 30 g 30 g 
Total 100.0 100.0 100.0 100.0 
The percentage composition of the trace minerals in the 
premix (Calcium Carbonate No. 35 G-455) •••as : Mn--4.68; 
Fe—8.00; Zn—0.21; Cu—0.50» Co—0.1$; Ca (min)—15*00; 
Ca (max)—17.00. 
-K 
5,000 lU of vitamin A activity per g. 
^325.000 lU of vitamin A activity per g. 
^600 mg per steer per day. 
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approximately one hour in the morning and again at night. 
Blood was taken once each week in the morning after the steers 
had eaten. Plasma-bound iodine was determined on each sample 
before freezing except during times of thyroxine injection or 
when laboratory facilities were not Immediately available. 
Cattle Experiment II was carried out from May to September, 
1967. The primary objective of this experiment was to deter­
mine the effect of high vitamin A levels upon the activity of 
the thyroid gland. The four supplements used in this trial 
are presented in table 2. Sixteen steers (average beginning 
weight 273 kg) were randomly allotted into four lots of four 
steers each. Individual feeding stalls were used. The animals 
were hand-fed twice daily. A basal ration, consisting of a 
full feed of ground shelled corn, I.36 kg of ground corn cobs, 
and ^5^ g of supplement per head per day, was fed to all 16 
steers for two weeks. At the end of this two-week adjustment 
period, blood was taken from the steers and analyzed for PBI. 
The eight steers in lots 2 and 3 were then placed on a high 
vitamin A supplement (400,000 lU per head per day). The eight 
steers in lots 1 and 4 acted as controls throughout the entire 
experiment. The high vitamin A ration was fed for three weeks. 
At the end of this time the steers were injected with thyroxine 
and thyroxine disappearance rate from the plasma was measured. 
After the three weeks, a high carotene supplement (equivalent 
to 400,000 ru of vitamin A activity) was substituted for the 
high vitamin A supplement. This carotene ration was fed for 
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TABLE 2. COMPOSITION OF THE FOUR SUPPLEMENTS USED IN CATTLE 
EXPERIMENT II INVOLVING HIGH LEVELS OF VITAMIN A 
AND CAROTENE 
Ration 
Carotene 
Feed Control Vit A Carotene +vit A 
Ground shelled corn 32.0 31.5 24.0 23.5 
Soybean meal 50.0 50.0 50.0 50.0 
Urea 7.0 7.0 7.0 7.0 
Dicalclum phosphate 5.0 5.0 5.0 5.0 
Limestone 5.0 5.0 5.0 5.0 
Trace mineral premix^ 0.5 0.5 0.5 0.5 
Vitamin A premix^ 100 g 100 g 100 g 100 g 
Vitamin A premix 0.5 0.5 
Carotene premix^ — — — — 8.5 8.5 
Total 100.0 100.0 100.0 100.0 
^The percentage composIticn of the trace minerals in 
the oremix (Calcium Carbonate No. 3 5  C-k$B) was: Mn—^ . 6 8 ;  
Fe~8.00; Zn--0.21; Cu—O.5O; Co—0.19; Ca (min) —15.00 ; 
Ca (max)—17.00. 
^5;000 lu of vitamin A activity per g. 
^325.000 lU of vitamin A activity per g. 
^Carotene was 2.6% of the mixture, provided 1 g of caro­
tene per steer per day. 
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the next three weeks, at which time 25 mg of thyroxine (sodium) 
pentahydrate was Injected and thyroxine disappearance rate 
measured. The last supplement used in this experiment contained 
both carotene and vitamin A. The amounts of each were the same 
as previously had been fed: 400,000 lU of vitamin A and 1 g of 
carotene (equivalent to 400,000 lU of vitamin A), or a total 
equivalent of 800,000 lU of vitamin A per steer per day. This 
third supplement was fed to lots 2 and 3 for two weeks. It was 
felt that this period of adjustment was satisfactory because of 
the quickness with which vitamin A gets into the metabolism of 
the body (Kohlmeler, I966) . After the adjustment period, 25 mg 
of thyroxine was Injected and blood samples taken each of the 
next four days and handled as before. 
The third cattle experiment was conducted from March to 
August, 1968. This experiment was similar to the first experi­
ment, except a greater quantity of vitamin A was fed. The 
purpose of this experiment was to study the relationship of 
vitamin A and methimazole and the effect of these compounds 
upon the blood levels of circulating thyroxine. A 2 X 2 
factorial design was utilized, with methimazole and vitamin A 
as the variables in the rations. Two levels of vitamin A, 
10,000 and 310,000 lU, along with two levels of methimazole, 
0 and 600 mg, were fed to the steers daily. Eight head of 
steers (average weight 351 kg) were randomly allotted to the 
four rations, two steers per ration. Each ration was repre­
sented in each of the two pens of steers. The steers received 
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a full feed of ground shelled corn, I.36 kg of ground corn cobs 
and g of supplement. The supplements used are presented In 
table 3. Individual feeding stalls were used and the steers 
were fed twice daily as in the preceding experiments. Four 
times during the experiment (the week prior to starting the 
cattle on the experimental supplements, the third, seventh and 
l4th weeks of the experiment) thyroxine was injected at the 
rate of 25 mg per steer for calculation of TVD, TFTR and TSR. 
Blood was taken from each steer and analyzed for FBI each week 
of the l4-week experiment. 
The object of the fourth cattle experiment was to recon­
cile the differences noted between the first and third experi­
ments. Cattle Experiment IV involved the feeding of three 
levels of vitamin A. Kethimazole was included in all three 
rations. Group, rather than individual feeding, was employed 
because of a lack of pen space at the farm. This experiment 
was conducted from June to October, 19^9• Nine Hereford and 
Hereford-Angus cross steers (average beginning weight ^22 kg) 
were randomly allotted to three lots of three steers each on 
the basis of breed and basal plasma FBI values. Frior to 
receiving the experimental rations, the steers were fed a 
ration consisting of a full feed of ground shelled corn. 1.82 
kg of ground corn cobs and ^5^ g of the basal supplement used 
in Experiment III (shown in table 3)- This ration v:as fed 
twice daily for three weeks. During the third week, thyroxine 
disappearance rate was obtained in the same manner as before. 
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TABLE 3. COMPOSITION OF THE FOUR SUPPLEMENTS USED IN CATTLE 
EXPERIMENT III INVOLVING METHIMAZOLE AND VITAMIN A 
Ration 
Feed Control Vit A Meth 
Vit A 
+ meth 
% % % 
Ground shelled corn 32.0  32 .0  32 .0  32 .0  
Soybean meal 50.0  50 .0  50 .0  50.0 
Urea 7.0  7 .0  7 .0  7 .0  
Dicalcium phosphate 5.0  5 .0  5 .0  5 .0  
Limestone 5.0  5 .0  5 .0  5 .0  
Trace mineral premix^ 0.5  0 .5  0 .5  0 .5  
b 
Vitamin A premix 100 g  100 g 100 g 100 g 
c 
Vitamin A premix — — — 60 g — — — 60 g 
d 
Methlmazole — 30 g  30  g  
Total 100.0 100.0 100.0  100 .0  
a 
The percentage composition of the trace minerals in the 
premix (Calcium Carbonate No. 3 5  C-4^5) was: M n — 4 . 6 8 ;  
F0—8.00; Zn—0.^1; vu.—wO——O.ly; va (min)—15»00» 
Ca (max)—17.00. 
°5.000 lU of vitamin A activity per g. 
^250,000 lU of vitamin A activity per g. 
^600 mg per steer per day. 
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Upon completion of the thyroxine disappearance measurement, 
the steers were fed the experimental rations for a 13-week 
period. It was originally intended to run another thyroxine 
disappearance test on the steers when the plasma FBI levels 
dropped in response to methimazole; however, thyroxine levels 
(FBI) in these steers did not change to any great extent so 
the test was not conducted. Because these steers were not 
individually fed, the feed was mixed completely before feeding. 
These rations consisted of 5«9 kg of ground shelled corn, 1.82 
kg of ground corn cobs and g of supplement (presented in 
table 4). All three rations contained enough methimazole to 
provide each steer with 600 mg per day. Lot 1 received 10,000 
lU, lot 2 received 60,000 lU and lot 3 received 310,000 lU of 
vitamin A per steer per day. 
The failure of the steers in the fourth cattle experiment 
to respond to methimazole with lowered FBI levels led to 
another cattle experiment with a new supply of methimazole. 
Cattle Experiment V was run from September through December, 
1969. In this experiment, three Holstein and three Hereford 
steers (average initial weight 2<6 kg) were randomly allotted 
to one of three lots on the basis of breed and plasma FBI 
level. One of each breed was assigned to each of the three 
rations. The steers were fed a full feed of ground shelled 
corn. 1,36 kg of ground corn cobs and 4<4 g of basal supple­
ment (table 3) daily for three weeks. During the third week, 
thyroxine disappearance rate was measured in the manner 
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TABLE 4. COMPOSITION OF THE THREE SUPPLEMENTS USED IN CATTLE 
EXPERIMENT IV INVOLVING METHIMAZOLE AND VITAMIN A 
Feed 
lU vit A 
10,000 
fed per head 
60 ,000 
per day 
310,000 
% 
Ground shelled corn 32.0 32.0 32.0 
Soybean meal 50.0 50.0 50.0 
Urea 7.0 7-0 7-0 
Dicalcium phosphate 5.0 5.0 
A 
5.0 
Limestone 5.0 5.0 5.0 
Trace mineral premix^ 0.5 0.5 0.5 
Vitamin A premix^ 100 g 100 g 100 g 
Vitamin A premlx^ 10 g 60 g 
Methimazole^ 30 g 30 s 30 s 
Total 100.0  100.0 100 .0 
^The percentage composition of the trace minerals in the 
•oremix (Calcium Carbonate No. 35 was: Mn—4.68; 
Fe—8.00; Zn~0.21; Cu—O.5O; Co—0.19; Ca (min) —15 .00 ; 
Ca (max)—17-00. 
000 lu of vitamin A activity per g. 
^250,000 lU of vitamin A activity per g. 
à 
600 mg per steer per day. 
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previously described. The steers were then placed on a com­
plete ration consisting of 4.08 kg of ground shelled corn, 
1.36 kg of ground corn cobs and g of supplement per day. 
The supplements were the same as those shown in table 4 except 
for the methimazole, which was raised from 6OO mg to 1000 mg 
per day. At the end of two weeks, an additional 4^4 g of 
ground shelled corn was added to the ration of all steers, 
making a total of 4.54 kg of corn per steer per day. Plasma 
FBI levels were measured once each week throughout the 
10-week experiment. During the eighth week, thyroxine was 
administered and TYD, TFTR and TSR were measured from the 
thyroxine disappearance rate. The validity of plasma PBI as 
a measurement of plasma thyroxine was checked by analyzing a 
random group of samples for plasma thyroxine (T^) with a 
method developed by Blttner and Grechman (I966) which uses a 
Bio-rad resin (AG1-X2) column to separate T^j, from other iodine 
c on ta in ing c omp ound s. 
Sat Experiments 
A rat experiment was conducted from January to February, 
1969• Thirty male rats of Wistar origin were randomly allotted 
to six rations of five rats each on the basis of litter and 
initial weight. The rats were individually caged in an envi­
ronmentally controlled room. Temperature was held constant in 
the room at 73 deg and fluorescent lights were on for a 14-
hour period each day. 'Wayne Lab-blox was the basic feed. The 
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feed was ground In a Wiley mill and mixed with vitamin A and 
methlmazole In 1.5 kg batches. The basic design followed In 
this experiment Is outlined In table 5« It was estimated that 
the rats (average Initial weight 310 g) would consume 25 g of 
feed per day. Therefore, the methlmazole and vitamin A were 
added to provide 0, 5 or 10 mg methlmazole and 0 or 15,000 lU 
vitamin A per 25 g of feed. Feed consumption records were kept 
on each rat. 
TABLE 5. EXPERIMENTAL DESIGN FOLLOWED IN RAT EXPERIMENT I 
INVOLVING THE FEEDING OF VITAMIN A AND METHIMAZOLE 
mg meth/25 g feed 
0 5 10 
Vitamin A, 0 5 rats 5 rats 5 rats 
lU added per 
25 g of 15,000 5 rats 5 rats 5 rats 
feed 
Initial weights were taken on the rats two weeks after 
they had been on the feed with no added vitamin A or methlma­
zole. The vitamin A was then fed for one week before methl­
mazole was incorporated into the rations. This was done to 
insure a high level of vitamin A was in the body as it was 
desired to see what effect methlmazole had upon the thyroid 
when large amounts of vitamin A were present. After two weeks, 
the rats were weighed and sacrificed by ether asphyxiation. 
Thyroid glands were taken from the rats and weighed. Compari­
sons between rats on the six rations were made on the basis 
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of weight gains, feed consumption, feed conversion and thyroid 
weights. 
Since 15.000 lU of vitamin A per day might be approaching 
toxic levels in rats, a smaller level of vitamin A was used in 
a second rat experiment run from February to May, I969. Twenty-
four male rats of Wlstar origin (average weight 366 g) were 
randomly allotted within outcome groups of litter and weight 
to six rations of four rats each (table 6). The rations con­
sisted of ground Wayne Lab-blox, with additions of 0 or 10 mg 
of methimazole and 0, 7500, or 15.000 lU of vitamin A per 
25 g of feed. The rats were placed on the control ration with 
no added vitamin A or methimazole for one month. The rats were 
then weighed and vitamin A was added to the appropriate rations. 
After one week, methimazole was incorporated into the rations 
of half the rats. The experimental rations were fed for two 
weeks; at the end of this time the rats were weighed and 
anesthetized with ether, and blood samples were taken by heart 
puncture. 
TABLE 6. EXPERIMENTAL DESIGN FOLLOWED IN RAT EXPERIMENT II 
INVOLVING VARYING LEVELS OF VITAMIN A AND METHIMAZOLE 
lU 
0 
vit A/25 g feed 
7500 15,000 
Methimazole, 0 rats ^ rats 4 rats 
mg per 25 g 
of feed 10 ii rats ^ rats 4. rats 
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Heparin was used to prevent coagulation and the blood was 
centrifuged and the plasma frozen immediately for subsequent 
analysis for FBI. Thyroid glands were taken and weighed immedi­
ately after the animals were bled. Comparisons between plasma 
FBI, thyroid weight and feed consumption were made. 
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RESULTS 
Effects of Methlmazole and Vitamin A on Thyroid Activity 
of Steers as Measured by Plasma Protein-Bound 
Iodine (Cattle Experiment I) 
Plasma FBI values in steers were affected by methlmazole 
in the first cattle experiment. A decrease in FBI levels 
occurred after three weeks of methlmazole feeding (600 mg per 
steer per day). A low FBI value (1.9 lig of I per 100 ml of 
plasma) was reached during the seventh week. The FBI levels 
then returned to normal during the eleventh week. Figure 2 
illustrates the FBI levels obtained over the 11-week experi­
ment. A reduction in FBI occurred regardless of the dietary 
level of vitamin A (10,000 or 60,000 lU per steer per day). No 
statistically significant ration differences were observed. 
Table 7 shows the average FBI values of the steers during the 
12-week period of the experiment. A slight decrease in plasma 
FBI levels of chose steers receiving 60,000 lu of vitamin A 
per day occurred during the first four weeks of the experiment. 
The drop in FBI levels of those steers receiving methlma­
zole exhibited statistical differences that were highly sig­
nificant (Pc.Ol) when based on bleeding times (weeks). The 
differences in bleeding times X treatment interaction was also 
highly significant (F<.Oi). This Is accounted for by the drop 
in FBI levels during the third to the tenth weeks. Feed con­
sumption totaled 75^. 75^. 759 and ?37 kg for the 11-week 
experiment, respectively, on the control, methlmazole. 
6 
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Figure 2. Average PBI values of the eight steers in Cattle Experiment I for the 
entire 12-week experiment 
TABLE ?. AVERAGE PLASMA PBI IJiVELS OF STEERS SUPPLEMENTED WITH METHIMAZOLE 
AND VITAMIN A IN CATTLE EXPERIMENT I 
Initial 
PBI Weeks of the experiment 
R a t i o n  1 2 3  4  5  6  7  8  9  10 11 
C o n t r o l  4  . 4  4 . 7  4 . 5  4 . 8  
u g  I  
4 . 5  
p e r  100 m l  
4 . 8  4 . 9  
p l a s m a  
4 . 8  4 . 2  4.0 3 . 5  4 . 4  
V i t a m i n  A ^ ^  5 . 5  5 . 5  5 . 3  5 . 1  4 . 8  4 . 9  4.7 5 . 1  4 . 1  4 . 6  4 . 3  4.8 
M e t h l m a z o l e ^  4 . 8  4 . 8  4.5 4 . 4  3 . 9  3 . 0  2 . 5  1 . 9  2 . 9  3 . 2  3 . 7  3 . 7  
V i t a m i n  A  +  ^  
m e t h l m a z o l e  
5 . 1  5 . 2  5 . 1  4 . 0  3 . 5  3 . 0  2 . 5  2.2 2 . 5  2.3 2.8 4 . 8  
A v e r a g e  
K o  m e t h l m a z o l e  5 . 0  5 . 1  4 . 9  4.9 4 . 6  4 . 8  4.8 5 . 0  4 . 2  4 . 3  3 . 9  4 . 6  
M e t h l m a z o l e  4 . 9  5 . 0  4 . 8  4.2 3 . 7  3 . 0  2 . 5  2.1 2 . 7  2.7 3 . 3  4 . 3  
^60,000 lU of vitamin A per steer per clay. 
600 mg of methlmazole per day. 
Both methlmazole and high vitamin A. 
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vitamin A and combination vitamin A-methimazole rations. Aver­
age daily feed consumption for the eight steers ranged from 
4.70 to 5.99 kg per day. There were no statistically signifi­
cant differences in feed consumption. 
Effect of Ration Vitamin A and Carotene on TVD, TFTR 
and TSR of Steers as Measured by Plasma FBI 
Levels (Cattle Experiment II) 
In the second cattle experiment, the eight steers receiv­
ing 400,000 lU of vitamin A, carotene equivalent of 400,000 lU 
of vitamin A (1 g carotene), or a combination of the two 
appeared to maintain lower FBI levels throughout the three 
periods. Plasma FBI values obtained before the steers were 
placed on the high vitamin A ration were 4,5 (3.2 to 5»6) and 
4.1 (3-3 to 5*0) lis of I per 100 ml of plasma, respectively, 
for the control and vitamin A fed steers. Table 8 shows the 
average FBI values of the steers on the different rations. The 
control steers averaged 4.4, §.k and 4.2 ug of I per 100 mi of 
plasma for the three periods, while averages of 4.3. 4.8 and 
3.9 ug of I per 100 ml of plasma were noted for the steers fed 
the rations containing vitamin A, carotene, and vitamin A plus 
carotene, respectively. 
The control group of cattle maintained slightly higher 
secretion and turnover rates than the high vitamin A or caro­
tene-fed steers throughout the first two periods of the 
experiment (see table 8). In the first period, turnover rates 
of 0.260 and 0.196 each day (24 hours) were obtained. 
TABLE 8. AVERAGE TVD, TFTR AND TSR FOR THE lé STEERS SUPPLEMENTED WITH CAROTENE 
AND VITAMIN A IN CATTLE EXPERIMENT II 
Ra tion 
FBI before 
Injection 
FBI TSR, 
24 hr TVD TFTR mg per 
after InJ BW) (day) 100 kg BW 
Control 
Vitamin A 
Control , 
Carotene 
Control 
Vitamin At 
carotene*" 
4.4 (3.4 to 5.5) 22.6  17.8 0.260  0.311 
4.3 (2.9 to 5.3) 20.6  20 .6  0.196 0.248 
5.4 (3.7 to 8.3) 36.5 10.8 0.415 0.373 
4.8 (2.4 to 6.2)  32.8 9.5 0.361  0.258 
4.2 (3.3 to 5.7) 28.5 11.7 0.298  0.227 
3.9 (2 .6  to 5*6) 28.2  11.6 0.305  0 .210  
day) . 
400,000 lU of vitamin A per steer per day. 
g per steer per day (equivalent to 400,000 lU of vitamin A per steer per 
'400,000 lU of vitamin A plus 1 g of carotene per steer per day (equivalent to 
800,000 lU of vitamin A per steer per day). 
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respectively, from the control and the high vitamin A supple­
mented steers. The TFTR represents that proportion of the body 
thyroxine that is turned over every 24 hours. The TFTR in the 
second period of the experiment averaged 0.415 for the control 
steers and O.361 for the steers fed carotene. Average TSR of 
0.311 and 0,373 mg per 100 kg of body weight were noted for the 
steers receiving the control ration during the first and second 
periods, respectively; while the high vitamin A and carotene-
fed steers had secretion rates of 0.248 and O.258 mg per 100 kg 
of body weight. Thyroxine turnover and secretion rates were 
very similar between the two groups of steers in the third 
period of the experiment. The control steers had an average 
TSR of 0.227 mg per 100 kg of body weight and an average TFTR 
of 0.298 per day. The steers receiving the high vitamin A and 
carotene ration had an average TSR of 0.210 mg per 100 kg of 
body weight and an average TFTR of O.305 per day. No statis­
tically significant differences existed between these 
parameters on any of the rations fed. The TVD was higher dur­
ing the first period of the experiment in both the control and 
in the supplemented steers. The control steers exhibited a 
TVD of 17.8, 10.8 and 11.7 percent of the body weight, respec­
tively, for the first, second and third periods of the experi­
ment; while the supplemented steers had TVD values of 20.6, 
9.5 and il.6 percent of the body weight for the same three 
periods. Feed consumption data of the steers In Cattle Experi­
ment II are shown in table 9. The eight control steers 
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averaged 5.93. 6.35 and 6.97 kg per day during the three 
periods. The eight steers on the supplemented rations consumed 
5.90, 6.54 and 7.06 kg per day, respectively, on the vitamin A, 
carotene and vitamin A plus carotene rations. No statistically 
significant differences were observed in feed consumption. 
TABLE 9. AVERAGE FEED CONSUMPTION OF 16 STEERS SUPPLEMENTED 
WITH CAROTENE AND VITAMIN A IN CATTLE EXPERIMENT II 
Period 
Ration 1 2 3 Avg 
Control kg per day 
Pen 1 6.01 6.79 7.45 6.75 
Pen 4 5.84 5.90 6.49 6.07 
Avg 5.93 6.35 6.97 6.41 
Supplemented 
6 . 0 6  6.76 Pen 2 7.59 6.80 
Pen 3 5.74 6.32 6.52 6.19 
Avg 5.90 6.54 7.06 6.50 
Effect of Vitamin A and Methimazole on Thyroid Activity 
in Steers Injected With Thyroxine at Four Periods 
During a l6-Week Experiment 
(Cattle Experiment III) 
The third cattle experiment was separated into two primary 
parts, the objectives of which were: 1) to measure the differ­
ences in the P3I values of eight steers over a l3-'week period 
and 2) to measure TVD, TFTR and TSR at four different periods 
during the experiment. Average plasma P3I values obtained from 
the steers on each ration over the 13 weeks are presented In 
table 10. The two steers receiving low vitamin A and 6OO mg of 
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methimazole per head per- day exhibited a decline in FBI values 
starting the fourth week. A return of the FBI values to a 
basal level occurred during the 13th week. Statistical anal­
yses of these data indicate significant differences (F<:.05) 
due to both the methimazole and the vitamin A rations. The 
differences noted on the vitamin A ration were a result of the 
low FBI values obtained from the methimazole-treated steers. 
Highly significant differences in FBI (F<.01) were noted 
between animals, bleeding times, animal X bleeding times and 
bleeding times X ration Interactions. These differences were 
due to the lowered FBI values of those steers supplemented with 
methimazole (see table 10). 
In the first cattle experiment, it was observed that 
methimazole caused lowered FBI in steers fed 10,000 or 60,000 
lU of vitamin A per day. In the third cattle experiment, 
methimazole was effective In reducing the FBI values only in 
those steers fed a low level of vitamin A (10,000 lU) and was 
not effective in reducing the FBI levels of those steers fed 
310,000 lU of vitamin A per day. The steers on the vitamin A 
ration, without methimazole, did not exhibit any appreciable 
change in FBI values, although there was a slight decrease 
after the first four weeks of the experiment. In contrast, 
the steers fed the methimazole ration without supplemental 
vitamin A showed definite fluctuations in FBI levels. Through­
out the experiment, a steady decrease in FBI levels was 
observed from the beginning to the end. This was probably 
TABLP: 10. AVERAGE PLASMA PBI LEVELS OF STEERS SUPPLEMENTED WITH METHIMAZOLE 
AND VITAMIN A IN CATTLE EXPERIMENT III 
Week of the experiment 
Ration 1 2 3 4 6 7 8 10 11 12 13 14 15 
Control 4.2 5.0 5.1 5.3 
ug I 
4.9 
per 
5.1 
100 ; 
4.9 
ml plasma 
4.8 4.9 4.0 4.7 4.2 4.2 
Vitamin A® 7.0 5.5 7.4 6.6 5.4 6.0 5.9 4.6 5.8 5.1 5.2 4.8 4.7 
Methlmazole^ 4.7 4.0 3.9 3.4 2.1 2.7 2.7 2.3 2.1 2.9 3.4 4.2 4.0 
Vitamin A 4 4.5 5.0 5.1 5.3 4.9  5.1 4.9 4.8 4.9 4.0 4.7 4.2 4.2 
methlmazole 
^310,000 lU of vitamin A per steer per day. 
^600 mg of methlmazole per steer per day. 
^310,000 lU of vitamin A 4- 6OO mg of methlmazole per steer per day. 
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related to the climate since the experiment was begun in March 
and terminated in July. The rising temperature would tend to 
bring about reduced thyroid secretion as the experiment pro­
gressed. Plasma FBI levels of the steers on the control ration 
dropped from 5«9 ug of I per 100 ml at the time of the first 
thyroxine injection, to 4.2 ug of I per 100 ml at the time of 
the last thyroxine injection. Table 11 shows the changes in 
PBI levels, TVD, TFTR and TSR that occurred during the four 
periods during which thyroxine disappearance rate was measured. 
Statistical analysis of the TFTR showed a significant 
difference (P<.05) among the steers but no difference due to 
rations. Period differences were significant (P<.05). Ortho­
gonal comparisons of the period differences showed a highly 
significant difference (P<.01) between the first period when 
compared with the other three periods of thyroxine injection. 
Similar results were observed in the statistical analysis of 
TSR: period differences were highly significant (P<.01) and 
a highly significant difference (P<.01) was noted between 
period one and the other three periods. There was a signifi­
cant difference (?<.05) in TSR between periods 2 and 4. The 
steers on the methimazole ration had significantly different 
(?<.0l) TSR values than the steers on the vitamin A ration. 
A definite decline in TSR during the third period was observed 
in the methimazole-fed steers. They had TSR of 0.227. 0,145. 
0.108 and 0,185 mg per 100 kg of body weight, respectively, 
from the first through the fourth period. Corresponding values 
4-7 
TABLE 11. AVERAGE TVD, TFTR AND TSR FOR THE EIGHT STEERS SUP­
PLEMENTED WITH METHIKfiZOLE AND VITAMIN A IN CATTLE 
EXPERIMENT III 
PBI PBI TSR. 
before 24-hr TVD TFTR mg per 
Ration Period in J after inj {% BW) (day) 100 kg B\ 
ug per 100 ml 
Control 1 5.9 27.7 10.4 0.308 0.289 
2 5.3 29.0 9.5 0.331 0.258 
3 ^.9 27.0 9.4 0.336 0.236 
4 4.2 25.4 8.7 0.352 0.196 
Vitamin A^ 1 9.2 29.9 10.1 0.249 0.347 
2 6 •  6  28.3 9.3 0.299 0.276 
3 5.9 28.0 8.9  0.303 0.243 
4 4.7 26.3  9.7 0.314 0.220 
Methimazole^ 1 5.6 30.0 9.7 0.287 0.227 
2 3.4 28.6  9.4 0.313 0.145 
3 2.7 27.5 9.0 0.293 0.108 
4 4.0 25.0 9.0 0.335 0.185 
Vitamin A 1 5.6 29.5 9.0 0.319 0.256 
methimazole 2 4.9 28.4 9.0  0.323 0.226 
3 5.^ 28.0 9.0 0.325 0.240 
4 4.2 26.8  8.1 0.366 0,187 
310,000 lU of vitamin A per steer per day. 
•K 
"600 mg of methimazole per steer per day. 
310,000 lU of vitamin A plus 600 mg of methimazole per 
steer per day. 
of the steers on the other rations were: control--0 .289 , 
0.258. 0.236 and 0.196 mg per 100 kg of body weight; vitamin A— 
0.3^7. 0.276, 0.243 and 0.220 mg per 100 kg of body weight; 
vitamin A plus methimazole—O.256, 0.226, 0.240 and O.187 mg per 
100 kg of body weight. There was a general decrease in TSR 
throughout the period with all four rations. This corresponded 
with declining PBI values and increasing temperatures. An 
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Increase in TPTE was observed with each period. The average 
TVD were about nine percent of the body weight. A slight 
decrease (from 10.4 to 8.7) in the TVD occurred over the four 
periods of injection in the steers fed the control ration. 
However, the TVD values were relatively constant for all rations 
throughout the entire experiment. 
Table 12 shows the vitamin A and carotene concentrations 
of plasma samples from steers in the third cattle experiment. 
It was observed that high amounts of vitamin A in the ration 
brought about decreased plasma concentrations of carotene. The 
two pens of steers receiving the low level vitamin A ration 
(10,000 lU per day) had very high average plasma carotene 
values of 67.2 and 77.3 ng per 100 ml, while the steers on the 
high vitamin A rations (310,000 lU per day) had average plasma 
carotene values of 23.8 and 43.4 ug per 100 ml. The carotene 
values were very high in those steers on the low-level vitamin 
A rations. Plasma vitamin A concentrations were high in steers 
fed the low-level vitamin A rations (54.8 and 50.I ug per 
100 ml of plasma). Vitamin A values observed were very likely 
influenced by the high carotene concentrations in these steers. 
Neeld and Pearson (19^3) pointed out that this method of vita­
min A analysis was complexed with carotene levels. High caro­
tene concentrations have some activity with tri-fluoro-acetic 
acid (color reagent used) and produce some color at 620 mu 
(wavelength where vitamin A is read). Whereas this procedure 
has an inherent error in dealing with bovine plasma (due to 
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the high amounts of carotene that are present In the plasma), 
It does offer a rapid method of comparing relative concentra­
tions of vitamin A and carotene where large differences In the 
concentrations are present. The plasma samples that were 
analyzed for vitamin A and carotene were randomly selected from 
the entire experiment. The values presented In table 12 repre­
sent the average plasma concentrations of vitamin A and caro­
tene for the experiment. Samples analyzed were selected from 
the beginning, middle and end of the experiment. 
TABLE 12. AVERAGE PLASMA CAROTENE AND VITAMIN A CONCENTRA­
TIONS OF STEERS SUPPLEMENTED WITH METHIMAZOLE AND 
VITAMIN A IN CATTLE EXPERIMENT III 
Ration 
Methi- Vit A + 
Average Control Vitamin A mazole meth 
No. observations $698 
Vitamin A <4.8 ^80 40.1 59.S 
Carotene 67.2 23.8 77-3 43.4 
Feed consumption of the steers in the third cattle experi­
ment averaged 6.O6, 4.42, ^.4$ and 6.25 kg per day, respec­
tively, on the control, vitamin A, methimazole and vitamin A 
plus methimazole rations. No statistically significant differ­
ences in feed consumption were noted, even though large differ­
ences (4l percent) existed. The differences appeared to be a 
result of animal variation and not ration effects. 
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Effect of Three Levels of Vitamin A on Thyroid 
Activity of Steers Fed Methimazole 
(Cattle Experiments IV and V) 
In the fourth cattle experiment, feeding methimazole did 
not result in a lowered PBI Iftvel in any of the steers, regard­
less of the level of vitamin A fed (10,000, 60,000 and 310,000 
lU per head per day). Table 13 shows the average PBI levels of 
the steers on each ration over the 13-week period of the exper­
iment. Average PBI values observed before the experimental 
rations were fed were: 6.6, 6.4 and 5«9 ug of I per 100 ml of 
plasma, respectively, for the cattle on the low, medium and 
high vitamin A rations. Because of the lack of response of 
these cattle to the methimazole, thyroxine was not administered 
after vitamin A was introduced into the ration. 
TABLE 13. AVERAGE PLASMA PBI LEVELS OF STEERS SUPPLEMENTED 
WITH METHIMAZOLE AND VITAMIN A IN CATTLE EXPERI­
MENT IV 
Ration®" 
Weeks of the experiment 
1 2 3 45 6 7 8 9 10 11 12 13 
ug I per 100 ml of olasma 
10,000 7. 5 6. 1 5.9 5.8 5.9 ^ .6 4.3 4.5 6. 0 5.2 4.8 4.6 
60,000 7. 2 4.6 6. 1 6.3 6.2 7-1 6.6 6.4 6.4 6. 1 5.3 5.0 5.0 
310 ,000 6. 3 4.1 5 • 6 5.6  6 .0  5.8 4.8 4.9  5.2 5. 9 5.4 3.0 5.5 
^Given as the lU of vitamin A fed to each steer per day. 
Plasma carotene and plasma vitamin A concentrations are 
presented in table l4. Significant (P<.0l) differences in 
plasma carotene values were noted between the steers on the 
different rations. Plasma carotene concentration declined with 
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increasing levels of ration vitamin A. Steers on the low, 
medium and high vitamin A rations had carotene values of 76, 
48 and 2U- ug per 100 ml of plasma, respectively. Vitamin A 
levels increased slightly with increased ration vitamin A: 
44, 46 and 60 ug of vitamin A per ICQ ml of plasma, respec­
tively, in steers on the low to the high vitamin A rations. 
Feed was consumed at a rate of 8.17 kg per steer per day on 
each of the rations. 
TABLE 14. AVERAGE PLASMA CAROTENE AND VITAMIN A CONCENTRATIONS 
OF STEERS SUPPLEMENTED WITH METHIMAZOLE AND VITAMIN 
A IN CATTLE EXPERIMENT IV 
lU vit A fed per steer per day 
Average 10,000 60,000 310,000 
ug per 100 ml of plasma 
No. observations 9 9 9 
Vitamin A 43.6 46.2 59.6 
75.9 47.6 24.0 
In the fifth cattle experiment, an increase in methima-
zole, from 6OO to 1000 mg per steer per day, was employed to 
insure a reaction of the steers to methimazole (by lowering the 
PBI value). All steers showed a response (lowered PBI) to 
methimazole, with greater response in the steers on the rations 
with smaller amounts of vitamin A. An exception was noted 
during the ninth week, when all animals had very low PBI 
values. Table 15 Illustrates the average PBI values obtained. 
throughout the nine-week experiment. Plasma FBI levels were 
significantly different (P<.05) both "between steers and between 
breeds. Plasma FBI values for weeks (times) of bleeding were 
very significantly different (P<.01) and a significant (P<.05) 
interaction between bleeding time and treatment was also 
observed. These differences were due to the lowered PBI values 
brought about by methimazole supplementation. 
TABLE AVERAGE PLASM PBI LEVELS OF STEERS SUPPLEMENTED 
WITH METHIMAZOLE AND VITAMIN A IN CATTLE EXPERI­
MENT V 
Weeks of the experiment 
Ration®' 1 2 3 4 5 6 7  8 9 
10,000 
60,000 
310,000 
3.3 
3.4 
3.0 
2.0 
2.5 
2.5 
ug I per 100 ml of plasma 
2.4  2 .3  2 .1  1 .7  1 .8  
3.0 2.8 2.4 2.0 2.0 
2.5  2 .6  2.9 2.4  2 .2  
2.0 
2.4 
2.1  
1.6 
1.8 
1.2  
^Given as the lU of vitamin A fed to each steer per day. 
The average TFTR and TSR for the steers on the three vita­
min A rations are presented in table l6. The average TSR was 
similar for the steers on all three rations during the first 
thyroxine injection and measurement of thyroxine disappearance 
rate. Average TFTR values were O.31O, 0.350 and 0.4l4, 
respectively, for lots 1, 2 and 3. The differences were not 
statistically significant. The average TFTR for the three 
Hereford steers was 0.324, and it was 0.391 for the Holsteins. 
Lots 1, 2 and 3 were fed, respectively, 10,000, 60,000 and 
310,000 lU of vitamin A per steer per day in the experimental 
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rations. Measurement of thyroxine disappearance during the 
eighth week on the experimental rations, and consequent calcu­
lation of TVD, TFTR and TSR, revealed a striking dissimilarity 
between the two periods of thyroxine injection. The TVD was 
reduced in each lot of steers by about 55 percent. The TSR 
showed reductions of 56 to 66 percent, and a 17 to 28 percent 
increase in TFTR was observed. These results appear to reflect 
a strong goitrogenic effect in the steers. The steers on all 
three rations exhibited lowered thyroid activity after methi-
mazole was fed, regardless of the amount of ration vitamin A. 
Similar results were noted between the two breeds of steers, 
except the Holstelns exhibited a more marked decrease in TSR 
from the first to the second period of injection—O.231 mg per 
100 kg of body weight for the first period and 0.046 mg per 
100 kg of body weight for the second period. The Herefords had 
TSR of 0.214 and 0.125 mg per 100 kg of body weight, respec­
tively, for the first and second periods. The TFTR for the 
first and second periods were, respectively, 0.391 and 0.4-95 
for the Holstelns and 0.324 and 0.413 for the Herefords. 
Ration and breed differences of TFTR and TSR of steers were not 
statistically significant. There were significant (P<.05) 
period differences of both TFTR and TSR. An attempt to explain 
these differences will be presented In the Discussion. A 
complete ration was utilized in this experiment, and feed con­
sumption was maintained at 6.35 kg per steer per day. 
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The six steers on this experiment were brought from pas­
ture and placed directly onto a basal ration and started on 
experiment. The initial plasma levels of carotene were very 
high, ranging from 128 to 230 ug of carotene per 100 ml of 
plasma. The carotene values dropped within two weeks on 
experiment but remained high throughout the entire experiment. 
Carotene was highest in those steers receiving the lowest 
vitamin A supplementation. Vitamin A levels in the plasma did 
not correspond to vitamin A levels in the rations. Plasma 
vitamin A concentration was consistently in the 1^0 to 60 ug 
per 100 ml range in all steers, no matter what ration was fed. 
TABLE l6. AVERAGE TVD. TFTR AND TSR FOR THE SIX STEERS SUP­
PLEMENTED WITH METHIMAZOLE AND VITAMIN A IN CATTLE 
EXPERIMENT V 
PBI TSR, 
Basal 24 hr TVD TFTR mg per 
Ration^ Inj PBI after inj BW) (day) 100 kg BW 
10,000 1 3.3 27.6 14.3 0.310 0.220 
2 1.9 50.0 6.5 0.430 0.086 
60,000 1 3-3 30.6 12.2 0.350 0.212 
2 2.2 k-3 c < c 0 .^19 0.091 y . V 
310,000 1 3.3 33.5 11.1 0 • ^ 1^ 0.235 
2 2.1 45.6 5.0 0.513 0.060 
Holste ins 1 3.2 27.5 12.2 0.391 0.231 
2 1.2 47.2 5.0 0.495 0.046 
Herefords 1 3.4 33.6 12.9 0.324 0.214 
2 2.9 46.1 7.0 0.413 0.235 
^Glven as the lU of vitamin A fed to each steer per day. 
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The high vitamin A levels were probably a reflection of the 
high carotene intake before the experiment started. 
The results obtained from the cattle experiments gave con­
tradictory information. In the third experiment, it appeared 
that vitamin A at high levels would inhibit the activity of 
methimazole (based on lowered FBI level). However, the first 
and last experiments tend to disprove this; vitamin A was not 
effective in prohibiting a drop in plasma FBI in these experi­
ments . 
The measurement of plasma thyroxine (T^) by the Bittner 
and Grechman (1966) method, using the AG1-X2 resin column, 
yielded results proportionately similar to FBI. This method 
calls for measurement of iodine on an AutoAnalyzer and results 
were compared to PBI values on the basis of ug of I per 100 ml 
of plasma. In one set of plasma samples the PBI values were 
6.2, 5«8, 2.8 and 2,k ug of I per 100 ml, while the Bittner 
and Grechman (1966) method yielded values of 6.6, 6.3. 2.4 
and 2.9 ug of I per 100 ml, respectively, for the same plasma 
samples, 
Effect of Three Levels of Kethimazole and Two Levels 
of Vitamin A Upon Thyroid Weight, Feed Consumption and 
Weight Gains of Hats (Hat Experiments I and II) 
Table 17 presents the average weight gains, thyroid weights, 
feed consumption and feed conversion data for the first rat ex­
periment. The control group gained 77 g per rat while the high 
vitamin A plus 10 mg of methlmazole-fed group averaged 46 g of 
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gain. However, no statistically significant differences in 
gains were observed. Decreasing gains appeared to be related 
with increasing levels of vitamin A and methimazole in the 
ration. Feed consumption decreased in rats as higher amounts 
of methimazole and vitamin A were fed. The control rats con­
sumed 488 g of feed for the 20-day experiment. The rats receiv­
ing 5 and 10 mg of methimazole with no supplemental vitamin A 
consumed ir75 and ^39 g of feed, respectively. The consumption 
of feed by rats supplemented with vitamin A averaged ^71, ^38 
and 437 g, respectively, on the 0, 5 and 10 mg methimazole 
rations. The feed required per g of gain was 6.36, 6.66 and 
6.56 g, respectively, for the 0, 5 and 10 mg methimazole-
supplemented rations with no supplemental vitamin A; and 6.99. 
9.13 and 9.^5 g of feed per g of gain on the 0, 5 and 10 mg 
methimazole rations when vitamin A was included in the ration 
at a rate of 15.OOO lU per 25 g of feed. No statistically 
significant differences were noted in feed consumption or feed 
conversion. 
Thyroid weights were significantly (?<,01) different in 
the cattle on the different rations. The thyroid weights per 
100 g of body weight were 4.2, 8.3 and 10.3 g. respectively, 
on the 0, 5 and 10 mg methimazole rations with no supplemental 
vitamin A. The vitamin A-supplemented rats had thyroid weights 
of 5.S, 8.3 and 9.6 g per 100 g of body weight for the rats 
fed 0, 5 and 10 mg of methimazole, respectively. 
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TABLE 17. AVERAGE WEIGHT GAINS, FEED CONSUMPTION, FEED 
CONVERSION AND THYROID WEIGHTS OF RATS SUPPLE­
MENTED WITH METHIMAZOLE AND VITAMIN A IN RAT 
EXPERIMENT I 
Methimazole, mg/25 S feed 
Vitamin A 0 5 10 
lU per 25 g s , S 
g of feed Weight gain 76.8  71.4 67.0 
Feed consumption (day) 24.4 23.8  22.0 
0 Feed/gain 6.4 6.7 6.6 
Thyroid weight 16.2 31.8 39.1 
Thyroid weight per 4.2 8.3 10.3  
100 g body weight 
Weight gain 67.4 48.0 46.2 
Feed consumption (day) 23.6 21.9 21.8 
15,000 Feed/gain 7.0 9.1 9.4 
Thyroid weight 23.0 29.0 34.1 
Thyroid weight per 5.8 8.3  9.6 
100 g body weight 
Rat Experiment II measured the effects of three levels of 
vitamin A and tv:o levels of methimazole upon feed consumption, 
thyroid weights and plasma PBI levels. Weight gain was not 
included because these were mature rats. Average values of the 
data in this experiment are presented in table 18. 
Feed consumption in the second rat experiment was similar 
to that in Experiment I; the control rats consumed 522 g in 
the 22-day experiment while the rats on the high vitamin A and 
methimazole ration consumed g. A significant difference 
(P<.05) in feed consumption was observed. Vitamin A and 
methimazole apparently caused lowered consumption. The thyroid 
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TABLE 18. AVERAGE FEED CONSUMPTION. THYROID WEIGHT AND FBI 
LEVELS OF RATS SUPPLEMENTED WITH METHIMAZOLE AND 
VITAMIN A IN RAT EXPERIMENT II 
lU vit A/25 s feed 
Methlmazole 0 7.500 15,000 
mg per 25 
g of feed Feed consumption 23.7 22.2 21.7 
(g per day) 
0 Thyroid weight (g) 14.3 13.7 14.8 
Thyroid weight 3.0 3.0 3.3 
(g/lOOg BW) 
PBI (ug I/lOO ml) 4.3 3.8 3.3 
Feed consumption 22.0 20.7 20.1 
(g per day) 
10 Thyroid weight (g) 30.2 32.9 25.6 
Thyroid weight 6.7 7.1 5.6 
(g/lOOg BW) 
PBI (ug I/lOO ml) 2.4 2.4 1.7 
weights of the rats averaged 3.0, 3 .0 and 3. 3 g per 100 g of 
body weight on the low to the high vitamin A rations with no 
supplemental aethlmazole and 6.7. 7,1 and 4 = 6 g per 100 g of 
body weight on the same rations with methlmazole Included In 
the ration. This difference in thyroid weight was highly 
significant (P<.01). The effects of methlmazole and vitamin A 
upon plasma PBI values of the rats appeared to be additive. 
Decreased PBI values were observed with increasing vitamin A 
as well as methlmazole. The rats on rations with no methlma­
zole had values of it-.3. 3.8 and 3.3 ug of I per 100 ml of 
plasma, respectively, for the increasing vitamin A rations. 
Values of 2.4, 2A and 1.7 ug of I per 100 ml of plasma were 
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observed in rats fed the methimazole rations with increasing 
vitamin A levels. The FBI values exhibited highly significant 
differences (P<.01). Vitamin A and methimazole appeared to be 
additive in bringing about decreasing levels of FBI. 
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DISCUSSION 
The first cattle experiment showed that vitamin A fed at 
a level of 60,000 lU per steer per day (over 8,000 lU per kg of 
feed) had no effect on methlmazole activity. This was in 
contradiction to work conducted at Iowa State University 
(Burroughs et a%. 196la) in the late 1950's- These workers 
found that vitamin A quantities in excess of 3,300 lU per kg 
of feed "brought about a reduction in feedlot performance of 
steers fed methlmazole. In the third cattle experiment, the 
high level of vitamin A (310,000 lU per steer per day) appeared 
to block methlmazole activity. Steers on the high vitamin A 
rations did not show a decrease in FBI levels, regardless of 
whether methlmazole was in the ration or not. This would seem 
to indicate an interaction existed between high levels of 
vitamin A and methlmazole, and that vitamin A blocked methlma­
zole activity in some fashion. 
The steers in the fourth cattle experiment did not respond 
to methlmazole (no decrease In FBI level). These steers were 
fed 1.4 mg of methlmazole per kg of body weight. It was 
thought that these steers possibly had been on grass and had 
high carotene concentrations that prevented the methlmazole 
activity. This could not be checked as no blood samples were 
taken from these steers until about four weeks after they had 
been purchased. By then the blood concentrations of carotene 
were about 65 ug per 100 ml. It Is difficult to tell anything 
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about the dietary levels of vitamin A and carotene from the 
blood concentrations unless dietary levels are low. Prey, 
Jensen and Connell (19^7) found that serum vitamin A values 
tend to level out after reaching a peak of approximately 50 to 
60 ug per 100 ml. A nearly linear relationship exists between 
dietary vitamin A and liver storage of vitamin A (same with 
carotene), but the dietary vitamin A is not reflected in the 
plasma vitamin A values when dietary vitamin A levels are high 
(above 30,000 lU daily). The difference in plasma vitamin A 
levels of a steer fed 50,000 lU of vitamin A per day would not 
be noticeably different than that of a steer fed ten times that 
amount. The very high serum vitamin A levels (some over 1000 
ug per 100 ml) observed in dogs by Arnrich (1955) are much 
higher than any level observed in cattle. If the steers were 
to receive an amount of vitamin A per unit of body weight that 
was equivalent to the 30,000 lU per day consumed by rats in the 
Sadhu and Brody (19^7) experiments, plasma levels of vitamin A 
in the steer might rise above the 50 to 60 ug of vitamin A per 
100 ml that was observed by Prey et 82. (19^7) to be the 
highest plasma levels found in cattle. 
In Cattle Experiment V, ration vitamin A had no effect on 
P3I values. That is, ration vitamin A did not prevent FBI 
from decreasing in response to methlmazole. However, the 
cattle used in this experiment were light-weight steers (aver­
aged 256 kg) and 1000 mg of methlmazole was fed: so the ratio 
of the goltrogen to body weight was larger in this experiment 
(about 3.9 mg of methlmazole per kg uf body weight) than in 
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the preceding ones. The cattle on the fifth experiment had 
much lower FBI values than did steers from previous experiments. 
Certainly, the fact that these six steers were on grass just 
prior to starting the experiment may have affected FBI levels. 
Barker et (1951) noted that 50 percent inhibition of 
thyroid activity occurred in rats fed large quantities of 
vitamin A (they fed 500 times the requirement). These authors 
found that carotene was less active than vitamin A; however, 
conversion of carotene to vitamin A occurs in both the intes­
tinal mucosa and in the body organs (Roels, I967), so high 
plasma vitamin A levels would be present in steers receiving 
high amounts of carotene. The six steers in Experiment V were 
on grass all summer and early fall and had very high plasma 
concentrations of vitamin A (about 60 ug per 100 ml) and caro­
tene (128 to 230 ug per 100 ml) when they went on this experi­
ment. It is probable that these high dietary carotene levels 
did inhibit thyroid activity. 
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subsequent rise again the tenth week of feeding a methimazole 
ration, supports the results obtained in many of the feedlot 
experiments in which methimazole caused Increased cattle live 
weight gains and improved feed efficiency for a short period 
of time (about six weeks). The methimazole blocks thyroxine 
formation, and a subsequent reduction in TSS occurs. The 
negative feedback system causes increasing amounts of TSH to 
be secreted. The TSH increases thyroid secretion by activating 
the cells to grow in both size and number (hypertrophy and 
hyperplasia) as evidenced by Griesback (1941). Griesback et al. 
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(1941), and Greer et al. (1964). 
Attempts to Increase or decrease the secretion of the 
thyroid gland in order to improve growth or production in some 
fashion have met with varying results. The mechanism by which 
thyroxine influences growth, or milk production, or other 
parameters is not understood. It is known that thyroxine is 
directly related to basal metabolism (Tata, 1964). Many 
researchers have related the live weight gain of an animal with 
basal metabolism and assumed that if the BMR was lowered, some 
of the energy being utilized for basal metabolism would then 
be available for more productive purposes. Several goitrogens 
have been used in an attempt to lower the BMB as was indicated 
in the literature review. Attempts have also been made to 
increase the BMR and, therefore, possibly increase production. 
Katsushima et aJ.. (196O) injected thyroxine into lambs and 
observed increased live weight gains and improved feed 
efficiency. Premachandra and Turner (1959) administered 
thyroxine to dairy cows and observed increased milk output in 
a matter of a few days. 
An impressive, concise paper by Falconer and Draper (1968) 
goes a long way toward explaining some of the apparent differ­
ences in the activities of goitrogens and of thyroxine. They 
observed that the "optimal thyroid activity may change between 
different stages of growth and maturation." This means that a 
level of thyroxine secretion that is optimum during the early 
stages of fattening may not be the level most conducive to 
rapid growth at another, or later, stage of development. The 
optimum thyroid secretion in a calf would be different in that 
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animal as a yearling. It must also be remembered that the 
feedlot steer Is being pushed to fatten, and the normal hor­
monal balance is probably changed somewhat by the enormous 
quantities of energy that must be metabolized. 
A lack of response to methimazole by steers fed quantities 
of vitamin A in excess of 3.300 lU per kg of feed was what 
prompted this research. It was hoped that some knowledge 
might be gained of the interrelationship that apparently 
existed between vitamin A and methimazole. No definite rela­
tionship was established. Vitamin A and methimazole did not 
prove to be significantly correlated in this research. There 
did appear to be a relationship between vitamin A and the 
thyroid gland. Vitamin A was observed to reduce thyroid 
activity in the two rat experiments. 
The suggestion by Sadhu and Brody (194-7) that a bond 
existed between iodine and vitamin A seems unlikely in view of 
the FBI values observed by this author in the animals fed the 
high vitamin A rations. The term FBI is somewhat misnamed 
because it is actually organically-bound iodine that is 
measured and not just that iodine that is protein-bound. If 
vitamin A did Indeed bind iodine as suggested by Sadhu and 
Brody (194?), then the animals fed high vitamin A should have 
had FBI values that were higher than the control animals. This 
was not the case in these studies. Further evidence against 
the existence of such bonding was the levels of thyroxine (T^) 
that were obtained from the plasma of steers measured by the 
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Bittner and Grechman (1966) method. If vitamin A-iodlne bond­
ing was measured as FBI, then differences between plasma FBI 
and plasma thyroxine (T^) levels would have been apparent. 
In the second cattle experiment, vitamin A failed to 
lower thyroid activity substantially. The levels of vitamin A 
fed (400,000 lU per day) were high for feedlot use, but were 
considerably smaller than the amount a steer would consume on 
grass. Kentucky bluegrass, for example, has vitamin A activity 
of 31,680 lU per kg of grass as fed (Morrison, 1956). The 
vitamin A did not appear to be antithyroid at the levels fed 
in the cattle rations. The six steers in Experiment V may have 
consumed sufficient quantities of carotene, while on pasture, 
to bring about antithyroid activity. Average FBI levels for 
these steers were about 3.2 ug of I per 100 ml of plasma at the 
beginning of the experiment. Initial plasma FBI levels for the 
steers in the other experiments were approximately 5.0 to 6.0 
ug of I per 100 ml. 
The rats appeared to receive vitamin A in sufficient 
quantities that It exhibited antithyroid activity. The reduc­
tion of FBI levels In the second rat experiment appeared to 
be additive with vitamin A and methlmazole. This is in con­
trast with the effect obtained in Cattle Experiment III, where 
the steers fed the methlmazole and vitamin A did not react to 
the methimazole. 
The Increase In TFTH and TSH and the decrease Ir. TVB in 
the second cattle experiment can probably be explained by the 
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possibility that the amount of thyroxine Injected In the first 
period was different from the amount of thyroxine injected in 
the next two periods. The first solution of thyroxine was not 
accurately analyzed. In Cattle Experiment V both thyroxine 
solutions were analyzed soon after they were used and they were 
very similar (between 21 and 22 mg of thyroxine per 5 ml of 
solution). The very large differences In TVD, TFTR and TSR 
are reflected by the PBI levels 24 hours after injection. 
These PBI levels averaged about 46 ug of I per 100 ml of plasma 
during the second Injection compared with an approximate value 
of 30 ug of I per 100 ml of plasma during the first injection. 
The goitrogenic effect of 1000 mg of methimazole per steer per 
day was substantial. It Is possible that the very low amount 
of circulating thyroxine (PBI) in the body during the second 
period caused the Injected thyroxine to be retained in the 
body for a longer period of time. The Holsteins had an initial 
PBI level of 1.2 ug of I per 100 ml of plasma before the second 
Injection, compared to the 2.9 ug of I per 100 ml of plasma in 
the Herefords. The TSR for the first and second periods in the 
Holsteins was 0.231 and 0.046 mg per ICQ kg of body weight, 
respectively. This very large difference in TSR of the Hol­
steins between the two periods was probably a result of the 
goitrogenic effect of methimazole. The PBI value prior to 
injection v;as extremely low (1.2 ug of I per 100 ml of plasma), 
and conceivably brought about a much reduced rate of metabolism 
of the Injected thyroxine. The same values in the Herefords 
6? 
were 0.214 and 0.235 mg per 100 kg of body weight, not a sub­
stantial difference. The TFTR and TSR are fairly true reflec­
tions of the metabolism of these particular animals. The TVD 
appears to be reflective of the 24-hour FBI level and it prob­
ably is the result of this high FBI and not a true reflection 
of the percentage of the animal body in which the thyroxine was 
distributed. In this last cattle experiment, a strong goitro­
genic effect was exhibited by the steers. 
The plasma vitamin A concentrations of the steers fed the 
low level of vitamin A (10,000 lU per day) in these experiments 
were very high (43 to 54 ug per 100 ml) when compared to the 
approximately 30 to 35 ug of vitamin A per 100 ml of plasma 
obtained by other workers (Frey et al., 19^7; Kohlmeier, 1966). 
The TSR reported in this thesis are slightly lower than the TSR 
of 0.296 kg per 100 kg of body weight per day reported In non-
lac tating dairy cows by Post and Mixner (I961). The TVD of 
about 20 (as percent of body weight) and the TFTR of 0.400 are 
also slightly higher than the corresponding values obtained in 
these experiments. 
No consistent relationship was established between vitamin 
A and methimazole in the cattle used in these experiments. But 
in the majority of the experiments, methimazole was not inhib­
ited by vitamin A. It appeared from these studies that methi­
mazole could be effectively used to lower thyroid secretion. 
If the level of thyroid activity which is most desirable for 
rapid growth can be predicted in a group of animals, then the 
use of thyroxine or a goltrogen may become practical. 
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SUMMARY 
Forty-seven steers in five experiments and 5^ rats in two 
experiments were used to study the effects of methimazole and 
vitamin A upon the activity of the thyroid gland. Methimazole 
was fed at the rates of 0, 600 or 1000 mg per steer per day 
and 0, 5 or 10 mg per 25 g of feed for the rats. Supplemented 
vitamin A levels in the cattle experiments were 10,000, 60,000, 
310,000 or 400,000 lU per steer per day. In one cattle experi­
ment, carotene was also fed at the rate of 1 g or 400,000 lU of 
vitamin A per steer per day. The rats were fed supplemental 
levels 0, 7500 or 15,000 lU of vitamin A per 25 g of feed. 
The feeding of methimazole to steers reduced plasma levels 
of protein-bound iodine (PBI) for a short period of time. The 
greatest reduction in PBI occurred seven to eight weeks after 
initial feeding of methimazole and then PBI levels returned to 
normal by the eleventh week. The inclusion of high levels of 
vitamin A in the ration did not prohibit the reduction of FBI 
in the cattle or rats fed methimazole. There was some evidence 
that high dietary levels of vitamin A had an antithyroid effect 
in rats. In contrast, no antithyroid activity of vitamin A 
was noted in cattle at the levels of vitamin A fed. There was 
some indication of a reduction in thyroid activity (lowered 
PBI) in one group of steers that had been on green pasture 
before the experiment. 
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Thyroxine injection and subsequent analysis of plasma FBI 
to obtain rate of disappearance of thyroxine from circulation, 
provided the basis for the calculation of total volume of 
distribution (TVD), thyroxine fractional turnover rate (TFTR) 
and thyroid secretion rate (TSR) in the cattle experiments. 
Lowered TSR was observed in those steers receiving methimazole, 
regardless of the amounts of vitamin A in the feed. Vitamin A 
had no effect on TFTR or TSR. Methimazole caused a reduction 
in plasma FBI levels and a substantial increase In thyroid 
weights of rats. Vitamin A caused an additional lowering of 
plasma FBI In rats fed methimazole. 
There was an inverse relationship between the high levels 
of vitamin A in the cattle rations and plasma carotene concen­
tration. Increasing levels of vitamin A In the ration were 
associated with a reduction in plasma carotene. 
In the studies with cattle, no direct relationship was 
established between methimazole and vitamin A on thyroid 
activity. These two compounds seemed to have an additive 
goitrogenic effect in the rats. The amount of vitamin A fed 
to the rats per unit of body weight was, however, much greater 
than that fed to the steers. 
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TABLE 19. ANALYSIS OF VARIANCE OF PLASMA FBI IN STEERS FED 
METHIKAZOLE AND VITAMIN A IN CATTLE EXPERIMENT I 
Source d.f. M.S. F 
Total 95 
Among animals 7 9.429 20.17** 
Treatment 3 10.000 1.11 
Methimazole 1 28.000 3-11 
Vitamin A 1 1 000 0.11 
Vit A + meth 1 liooo 0.11 
Error (a) 9.000 0.11 
Bleeding times 11 3.000 10.15** 
Bleeding time X anim 77 0.468 l.<8* 
Bleeding time X treat 33 0.697 2.36** 
Bleeding time X anim/treat (b) 44 0.296 
*P<.05. 
**P<.01. 
TABLE 20. ANALYSIS OF VARIANCE OF FEED CONSUMPTION IN STEERS 
FED METHIMAZOLE AND VITAMIN A IN CATTLE EXPERIMENT I 
Source d.f. M.S. F 
Total 7 64 
Treatment 3 50 'J .00 
Animals/treat 4 74 
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TABLE 21. ANALYSIS OF VARIANCE OF TFTR IN STEERS FED CARO­
TENE AND/OR VITAMIN A IN CATTLE EXPERIMENT II 
Vitamin A 
Source d.f. M.S. F 
Total 15 0.0048 
Treatment 1 0.0163 4.08 
Animals/treat 14 0.0040 
Carotene 
Source d.f. M.S. F 
Total 15 0.0070 
Treatment 1 0.0115 1.74 
Animals/treat 14 0.0066 
Carotene + vitamin A 
Source d.f. M.S. F 
Total 15 0.0007 
Treatment 1 0.0001 0.12 
Animals/treat 14 0.0008 
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TABLE 22. 
A. 
ANALYSIS OF VARIANCE OF TSR IN STEERS FED CARO­
TENE AND/OR VITAMIN A IN CATTLE EXPERIMENT II 
B. 
Vitamin A 
Source d.f. M.S. 
Total 15 0.0070 
Treatment 1 0.0161 
Animals/treat 14 0.0064 
Carotene 
Source d.f. M.S. 
Total 15 0.0179 
Treatment 1 0.0528 
Animals/treat 14 0.0154 
Carotene + vitamin A 
Source d.f. M.S. 
Total 15 0.0010 
Treatment 1 0.0012 
Animals/treat 14 0.0010 
2.52 
3.43 
.20 
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TABLE 23. ANALYSIS OF VARIANCE OF FEED CONSUMPTION IN STEERS 
FED CAROTENE AND/OR VITAMIN A IN CATTLE EXPERI­
MENT II 
A. Vitamin A 
Source d.f. M. ,s. F 
Total 15 0. . 0 9 9  
Pens 3 c. 090 0. .83 
Treatment 1 0. 010 0. .09 
Error 11 0. 109 
Carotene 
Source d.f. M .s. F 
Total 15 0 . 7 0 9  
Pens 3 0 .702 0 .92 
Treatment 1 0 .150 G .20 
Error 11 0 .761 
C. Carotene + vitamin A 
Source d.f. M.S. F 
Total 15 0.900 
Pens 3 1.385 1.64 
Treatment 1 0.030 0.04 
11 0.847 
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TABLE 24. ANALYSIS OF VARIANCE OP PLASMA PBI IN STEERS FED 
METHIMAZOLE AND VITAMIN A IN CATTLE EXPERIMENT III 
Source d.f. M.S. F 
Total 103 
Among animals 7 13.518 25.60** 
Treatment 3 26.121 6.42 
Methimazole 1 46.045 11.33* 
Vitamin A 1 31.902 7.85* 
Vitamin A + meth 1 0.418 0.10 
Error (a) 4 4.065 
Bleeding times 12 1.76c 9.41** 
Bleeding time X anim 84 0.528 2.82** 
Bleeding time X treat 36 0.983 5.26** 
Bleeding time X anim/treat (b) 48 0.187 
*P<.05. 
TABLE 25. ANALYSIS OF VARIANCE OF TFTR IN STEERS FED METHIMA­
ZOLE AND VITAMIN A IN CATTLE EXPERIMENT III 
Source d.f. M.S. 
Total 
Among animals 
Treatment 
Kethimazole 
Vitamin A 
Vitamin A -f 
Error (a) 
31 
L 
0.0014 
0.0032 8.00* 
3 0.0033 
1 0.0005 
1 0.0003 
0.0091 
n 
1.03 
0.16 
0.09 
2.84 
Period 
I vs II, III, IV 
III vs II. IV 
II vs IV 
Period X anim 
Treatment X per 
Animal/treat X per (b) 
21 
1 
1 
1 
12 
0.0034 
0.0067 
0 . 0 0 1 2  
0.0025 
0.0004 
5.67* 
11.17** 
2 .00  
4.17 
0.67 
0.0002 0.33 
0.0006 
*P<.05. 
**P<.01. 
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TABLE 26. ANALYSIS OF VARIANCE OF TSR IN STEERS FED METHIMA-
ZOLE AND VITAMIN A IN CATTLE EXPERIMENT III 
Source d.f. M.S. F 
Total 31 0.0035 
Among animals 7 0.0072 6.54 * 
Treatment 3 0.0160 26.667** 
Methimazole 1 0.0304 50.667 
Vitamin A 1 0.0153 25.50 ** 
Vitamin A + meth 1 0.0024 4.00 
Animals/treat (a) 4 0.0006 
Period 3 0.0110 18.33 ** 
I vs II. Ill, IV 1 0.0293 48.83 ** 
III vs II, IV 1 0.0001 0.17 
II vs IV 1 0.0035 5.83 * 
Period X anim 21 0.0011 1.83 
Treatment x per 9 0.0018 3.00 * 
Animals/treat X per (b) 12 0.0006 
*P<.05. 
**P<.01. 
TABLE 27. ANALYSIS OF VARIANCE OF FEED CONSUMPTION IN STEERS 
FED METKIMAZOLE AND VITAMIN A IN CATTLE EXPERIMENT 
11^ 
Source d.f. M.S. F 
Total 7 1.25 
Treatment 3 1.37 I.69 
Pens 1 2.22 2.74 
Error 3 0.81 
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TABLE 28. ANALYSIS OF VARIANCE OF PLASMA CAROTENE AND VITAMIN 
A IN STEERS FED METHIMZOLE AND VITAMIN A IN CATTLE 
EXPERIMENT IV 
Carotene 
Source d.f. M.S. F 
Total 26 729 
Treatment 2 6075 19.04** 
Period 2 113 0.35 
Error 22 319 
Vitamin A 
Source d.f. M.S. F 
Total 26 188 
Treatment 2 662 4.73* 
Period 2 249 1.78 
Error 22 140 
*P<.03. 
**p<.oi. 
TABLE 29. ANALYSIS OF VARIANCE OF PLASMA PBI IN STEERS FED 
MSTHIKAZOLE AND VITAMIN A IN CATTLE EXPERIMENT V 
Source d.f. M.S. F 
Total 53 0.581 ûrn/-w>rr 0 
«w/ A i  ^ C*. * * ^  **-U^ ^ 5 1.429 22.87* 
Treatment 2 0.610 9.77 
Breeds 1 5.800 92.81* 
Error (a) 2 0.062 
Bleeding time 8 1.436 •7 91 
Bleeding time X anim 40 0.304 1.53 
Bleeding time X treat 16 0.462 2.32* 
Bleeding time X anim/treat (b) 24 0.199 
*p<.05. 
**P<.01. 
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TABLE 30. ANALYSIS OF VARIANCE OF TFTR IN STEERS FED METHI-
MAZOLE AND VITAMIN A IN CATTLE EXPERIMENT V 
Source d.f. M.S. F 
Total 11 0.0071 
Among animals 5 0.0091 1.82 
Treatment 2 0.0102 2.04 
Breed 1 0.0166 3.32 
Error (a) 2 0.0050 
Period 1 0.0276 23.00* 
Period X anlm 5 0.0010 0.83 
Period X treat 2 0.0006 0.50 
Animals/treat X per (b) 3 0.0012 
*P<.05. 
TABLE 31- ANALYSIS OF VARIANCE OF TSR IN STEERS FED METHI-
MAZOLE AND VITAMIN A IN CATTLE EXPERIMENT V 
Source d .f. M.S. F 
Total 11 0.0063 
Among animals 5 0.0012 0.80 
Treatment 2 0.0000 
Breed 1 0.0030 2.00 
Error (a) 2 0.0015 
Period 1 0.0560 22.40* 
Period X anim 5 0.0016 0.64 
Period X treat 2 0 .0003 0.12 
Period X anim/treat (b) 3 0.0025 
*P<.05. 
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TABLE 32. ANALYSIS OF VARIANCE OF GROWTH, THYROID WEIGHT, 
FEED CONSUMPTION AND FEED CONVERSION IN RATS FED 
METHIMAZOLE AND VITAMIN A IN RAT EXPERIMENT I 
A. Growth 
Source d.f. M.S. F 
Total 29 553 
Outgroups 4 716 1.56 
Treatment 5 803 1.75 
Error 20 458 
B. Thyroid weight 
Source d.f. M.S. F 
Total 29 112 
Outgroups 4 86 1.41 
Treatment 5 335 5.49** 
Error 20 61 
C. Feed consumption 
Source d.f. M.S. 
Total 29 1742 
Outgroups 4 2860 
Treatment 5 2585 
Error 20 I3O8 
D. Feed conversion 
Source d.f. M.S. F 
Total 29 4728 
Outgroups 4 5645 1.23 
Treatment 5 4609 1.01 
Error 20 4574 
**P<.01. 
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TABLE 33. ANALYSIS OF VARIANCE OF PLASMA FBI, THYROID WEIGHT 
AND FEED CONSUMPTION IN RATS FED METHIMAZOLE AND 
VITAMIN A IN RAT EXPERIMENT II 
A. PBI 
Source d.f. 
CO 
Total 18 1.01 
Treatment 5 2.99 
Error 13 0.25 
B. Thyroid weight 
Source d.f. M.S. F 
Total 23 74 
Outgroups 3 20 2.50 
Treatment 5 304 38.00** 
Error 15 8 
C. Feed consumption 
Source d.f. M.S. F 
Total 23 1317 
Outgroups 3 953 1.13 
Treatment 5 2964 3.52* 
Error 15 841 
*P<.04. 
**P<.01. 
